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PREFACE 


he purpose of this manual is to integrate survivability into the over- 

all AirLand battle structure. Survivability doctrine addresses when, 
where, and how fighting and protective battlefield positions are prepared 
for individual soldiers, troop units, vehicles, weapons, and equipment. This 
manual implements survivability tactics for all branches of the combined 
arms team. 


Battlefield survival critically depends on the quality of protection afforded 
by the positions. The full spectrum of survivability encompasses planning 
and locating position sites, designing adequate overhead cover, analyzing 
terrain conditions and construction materials, selecting excavation 
methods, and countering the effects of direct and indirect fire weapons. 


This manual is intended for engineer commanders, noncommissioned 
officers, and staff officers who support and advise the combined arms team, 
as well as combat arms commanders and staff officers who establish 
priorities, allocate resources, and integrate combat engineer support. 


The proponent of this publication is the US Army Engineer School. Submit 
changes for improving this publication on DA Form 2028 (Recommended 
Changes to Publications and Blank Forms) and forward it directly to 
Commandant, US Army Engineer School, ATTN: ATZA-TD-P, Fort 
Belvoir, VA 22060-5291. 


Unless otherwise stated, whenever the masculine or feminine gender is 
used, both men and women are included. 
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CHAPTER 1 


SURVIVABILITY ON THE BATTLEFIELD 


Эг e 
deg ы Ad 


Ба conccpt of surviva2zilits on the AirLand battlefield 
includes all aspects of protecting personnel, weapons, 
and eupplies whilesimultancously decciving the enemy. The 
lethal hatrlefield requires commandara te know all surviv- 
ability tactics available including building a good defense; 


| сирот Рец шалай coves bi ини: conceal ment, Масёр- 


tior, and eamoutlage: and constructing Пећапр and pro- 
tective раніш» for АНЬ individua aud ey spent. The 
worth ofaurvivabiliLy positiong лаа Eeen proven throughout 
history. Protective construction ап the torn of fighting and 
procective positions by зан! earnot eliminate vulnerability 
on the modern battlefield. U can, hewever, limit peran nel] 
anc eqvipmenl asee by reducing expoaure lo Threat 
асцшнИлэ л, turgetiny, and engagement. Ртвіне ме санг 
siruction ulio gives confidences to sol diern in "ghting ysi- 
Wons lo use lher weapons, or weaponaá &yr5tem, more eec 
tively. This chapter discusses basic eurvivalrlity ісігіне, 
Threat doctrine, and the made of Шш Џил) імен (IO) 
forcca on the Ait lane ћемо о] 3, 


THE AIRLAND BATTLEFIELD 


The purpose of military operations in the next battle is to win. To achieve success, our forces 


must gain the initiative, deploy in depth, and stress agility and synchronization of activities and 
functions. Such an approach will prevent the enemy from freely maneuvering forces in depth to 
reinforce an attack, build up a defense, or counterattack. In the next fast-paced battle, our forces 
must protect themselves as never before from a wide range of highly technical weapons systems. 
Thus, in both the offense and defense, we will have to be ever-conscious of the enemy's ability to 


detect, engage, and destroy us. Careful planning and diligent work will enhance our ability to 


survive. 


Survivability doctrine addresses five major points significant to the AirLand battlefield: 


1. Maneuver units have primary responsibility to develop, position, and begin building their own 


positions. 


2. The engineer's ultimate role in survivability is set by the maneuver commander controlling 


engineer resources. 


3. Based on those resources, engineer support will supplement units as determined by the 
supported commander's priorities. 
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4. Engineer support will concentrate on missions requiring unique engineer skills or equipment. 


5. Survivability measures begin with using all available concealment and natural cover, followed 
by simple digging and constructing fighting and protective positions. As time and the tactical 
situation permit, these positions are improved. 


The following AirLand battle conditions will shape our protection and survivability efforts: 


e The need to win at the forward line of our own troops (FLOT), conduct deep battle 
operations, and overcome threats in the rear area. 

е The use of effective firepower and decisive maneuver. 

e The existence of a nonlinear battlefield resulting from dissolution of battle lines and areas 
due to maneuvering, and rapid dispersion from areas of nuclear and chemical weapons 
effects. 

e Coordinated air/ground operations involving frequent movement by friendly troops. 

e Proliferation of nuclear and chemical tactical weaponry. 

e Active reconnaissance, surveillance, and target acquisition efforts through visual, remote 
sensing radar, and tactical radio direction finding procedures. 

е Reliance on electronic warfare as a combat multiplier. 


THE THREAT 


During the next battle, US forces are likely to encounter or work with nations of widely diverse 
political systems, economic capabilities, cultures, and armies. Whether the battle is with Warsaw 
Pact or Third World countries, US forces will be exposed to Soviet-style weaponry and tactics. 
The following outline of Threat tactics and battle priorities provides a key to understanding 
survivability requirements for US forces. (See Field Manuals (FMs) 100-2-1, 100-2-2, and 100- 
2-3 for more detailed information.) 


DIRECT FIRE WEAPONS 


The opposing Threat is an offensively-oriented force that uses massive amounts of firepower to 
enhance the maneuverability, mobility, agility, and shock of its weaponry. It seeks to identify 
and exploit weak points from the front to the rear of enemy formations. The tank is the Threat's 
primary ground combat weapon, supplemented by armored personnel carriers (APCs) and other 
armored fighting vehicles. Large mechanized formations are used to attack in echelons, with 
large amounts of supporting suppressive direct and indirect fire. To achieve surprise, Threat 
forces train to operate in all types of terrain and during inclement weather. Threat force 
commanders train for three types of offensive action: the attack against a defending enemy, the 
meeting engagement, and the pursuit. 


The Attack Against a Defending Enemy 


Threat forces concentrate their attack at a weak point in the enemy's defensive formation. Threat 
doctrine emphasizes three basic forms of maneuver when attacking a defending force: 
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envelopment, frontal attack, and flank attack. Penetration of enemy defenses is the ultimate 
objective in all three operations. The Threat force uses echeloned forces in this effort, and their 
goal is to fight through to the enemy rear and pursue retreating forces. 


Threat attacks of strongly-defended positions will usually have a heavy air and artillery 
preparation. As this preparation is lifted and shifted to the depths of the enemy, advance guard 
units conduct operations to test the strength of the remaining defenders. Critical targets are 
reduced by artillery or by ground attacks conducted by advancing armor-heavy main forces. 
These forces attack from the march unless they are forced to deploy into attack formations by 
either the defending force or terrain conditions. The Threat seeks to overwhelm its enemy by 
simultaneously attacking as many weak points as possible. If weak points cannot be found, the 
Threat deploys into concentrated attack formations, usually organized into two echelons and a 
small reserve. These formations are initially dispersed to limit nuclear destruction, but are 
concentrated enough to meet offensive norms for attack. The Threat attacks defensive positions 
in a column formation and continues the attack into depths of the defense. Threat regimental 
artillery directly supports battalions, companies, and platoons for the duration of the engagement. 


United States Forces 


United States defending forces conduct extensive survivability operations during an enemy 
attack. Preliminary activities include deliberate position construction and hardening for both 
weapons and command and supply positions. Alternate and supplementary positions are also 
located and prepared if time allows. Finally, covered routes between these positions are selected, 
and camouflage of all structures is accomplished. 


The Meeting Engagement 


The meeting engagement is the type of offensive action most preferred by Threat forces. It relies 
on a standard battle drill executed from the march using combined arms forces and attached 
artillery support. Threat doctrine stresses rapid maneuver of forces and attacking while its enemy 
is on the march--not when it is in a prepared defense. Attacking a defending enemy requires 
superiority of forces--a requirement the Threat seeks to avoid. 


The meeting engagement begins as the Threat advance guard of a combined arms force makes 
contact with the enemy advancing force. As soon as contact is made, the Threat battle drill 
begins. When possible, the main Threat force maneuvers its advance guard to a flank and attacks. 
This preliminary maneuver is supported by a barrage from the Threat force organic artillery 
which has deployed at the first sign of contact. The Threat force then makes a quick flank or 
frontal attack on enemy forces as they advance support their engaged advancing forces. 


Upon withdrawal from contact and as the enemy force reacts to the flank attack, the Threat 
reconnaissance force continues its advance. This tactic then relies on the elements of surprise and 
shock for success. The Threat seeks to disable the enemy force along the depth of the enemy's 
formation. 
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United States Forces 


When US forces are involved in a meeting engagement, survivability operations are needed, but 
not as much as in the deliberate defense. Hastily prepared fighting and protective positions are 
essential but will often be prepared without engineer assistance or equipment. Maneuver units 
must also use natural terrain for fighting and protective positions. 


The Pursuit 


The pursuit of retreating forces by a Threat advancing force takes place as leading echelons 
bypass strongpoints and heavy engagements and allow following echelons to take up the fight. 
After any penetration is achieved, Threat doctrine calls for an aggressive pursuit and drive into 
the enemy rear area. This often leaves encircled and bypassed units for follow-on echelon forces 
to destroy. 


United States Forces 


Survivability in retrograde operations or during pursuit by the Threat force presents a significant 
challenge to the survivability planner. During retrograde operations, protective positions--both 
within the delay and fallback locations--are required for the delaying force. Company-size delay 
and fall back fighting and protective positions are most often prepared. Planning and preparing 
the positions requires knowledge of withdrawal routes and sequence. 


INDIRECT FIRE WEAPONS 


Threat commanders want to achieve precise levels of destruction through implementation of the 
rolling barrage, concentrated fire, or a combination of the two. Combined with tactical air strikes 
and fires from direct fire weapons, these destruction levels are- 


е Harassment with 10 percent loss of personnel and equipment; organizational structure is 
retained. 

е Neutralization with 25 to 30 percent destruction of personnel and equipment; 
effectiveness is seriously limited. 

• Total destruction with 50 percent or more destruction of personnel and equipment. 


The Threat can plan for the total destruction of a strongpoint by delivering up to 200 rounds of 
artillery, or 320 rounds from their medium rocket launcher, per 100 meter square. Thus, the 
Threat force attacks with a full complement of direct and indirect fire weapons when targets of 
opportunity arise or when the tactical situation permits. 


United States Forces 


To survive against this tremendous indirect fire threat, US forces must counter the physical 
effects of indirect fire, such as fragmentation and blast. Protection from these effects creates a 
large demand for engineer equipment, materials, and personnel. Careful consideration of the time 
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and construction materials available for the desired level of survivability is necessary. Therefore, 
priorities of construction are necessary. Covered dismounted firing positions and shelters 
adjacent to large weapons emplacements are constructed by maneuver units, usually without 
engineer assistance. The maneuver commander must prioritize the construction of overhead 
cover for command, control, and supply positions. 


NUCLEAR WEAPONS 


Threat plans and operations for their nuclear systems are ranked in the following order: 


e Destroy US nuclear delivery systems, nuclear weapons stocks, and the associated 
command and control apparatus. 

е Destroy US main force groupings. 

е Breach US main lines of defense. 

e Establish attack corridors within US battlefield boundaries. 


Threat nuclear targeting plans are based on the use of massive amounts of supporting 
conventional direct and indirect fire. These massive artillery barrages enable the use of Threat 
nuclear weapons systems against targets which conventional weapons cannot destroy or disable. 


United States Forces 


Due to the multiple effects of a nuclear detonation, survivability operations against nuclear 
weapons are difficult. Thermal, blast, and radiation effects require separate consideration when 
designing protection. However, fortifications effective against modern conventional weapons 
will vary in effectiveness against nuclear weapons. 


CHEMICAL WEAPONS 


Often, Threat forces may use massive surprise chemical strikes in conjunction with nuclear and 
conventional attacks. These chemical strikes are aimed at destroying opposing force offensive 
capability, as well as disrupting logistics and contaminating all vulnerable rear area targets. 


United States Forces 


United States (US) forces must plan to fight, as well as survive, on a chemical contaminated 
battlefield. Open or partially open emplacements afford no protection from chemical or 
biological attack. Personnel in open emplacements or nonprotected vehicles must use proper 
chemical protective clothing and masks to avoid chemical vapors and biological aerosols. 


DEEP ATTACK 


Threat doctrine dictates that the attack must advance to the enemy rear area as quickly as 
possible. To supplement this main attack, the Threat may deploy its airborne, airmobile, or light 
forces to fight in the enemy rear until relieved by advancing forces. In most cases, smaller 
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airborne/airmobile forces (battalion or regimental sizes) are deployed to strike targets in the 
enemy rear which are critical to the success of Threat forces. Additionally, covert reconnaissance 
missions or sabotage and harassment missions are accomplished by small Threat teams deployed 
in the rear. АП of the Threat forces involved in a deep attack are trained and equipped to operate 
in contaminated environments. 


Threat organization in the deep attack normally consists of the airborne/airmobile battalion for 
missions involving a long-range strike group. Operational maneuver groups will also conduct 
deep attacks using armor heavy forces. Organization for covert reconnaissance is normally a 
platoon-or company-size reconnaissance element. 


United States Forces 


When attacks on rear areas are made by Threat force aircraft, or by covert or overt 
airborne/airmobile forces, rear area activities are susceptible to many of the weapons 
encountered in the forward area. Thus, survivability of these rear area activities depends on 
adequate protective construction before the attack. Technical Manual (TM) 5-855-1 describes 
permanent protective construction in detail. 


ROLE OF US FORCES 
COMMANDER'S ROLE 


Commanders of all units must know their requirements for protection. They must also 
understand the principles of fighting positions and protective positions, as well as the level of 
protection needed, given limited engineer assistance. Survivability measures are subdivided into 
two main categories: fighting positions for protection of personnel and equipment 
directly involved in combat; and protective positions for protection of personnel and 
equipment not directly involved with fighting the enemy. In order to protect their troops in the 
combat zone, commanders or leaders must fully understand the importance of fighting positions, 
both in the offense and in the defense. The initial responsibility for position preparation belongs 
with the maneuver commander's own troops. Even within the fluid nature of the AirLand battle, 
every effort to fortify positions is made to ensure greater protection and survivability. 


ENGINEER'S ROLE 


The engineer's contribution to battlefield success is in the five mission areas of mobility, 
countermobility, survivability, general engineering, and topographic engineering. Although units 
are required to develop their own covered and/or concealed positions for individual and 
dismounted crew-served weapons, available engineer support will assist in performing major 
survivability tasks beyond the unit's capabilities. While the engineer effort concentrates on 
developing those facilities to which the equipment is best suited, the engineer also assists 
supported units to develop other survivability measures within their capabilities. Before the 
battle begins, training as a combined arms team allows engineers to assist other team members in 
developing the survivability plan. 
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Survivability on the modern battlefield, then, depends on progressive development of fighting 
and protective positions. That is, the field survivability planner must recognize that physical 
protection begins with the judicious use of available terrain. It is then enhanced through the 
continual improvement of that terrain. 


In the Offense 


In the offense of the AirLand battle, fighting and protective position development is minimal for 
tactical vehicles and weapons systems. The emphasis is on mobility of the force. Protective 
positions for artillery, air defense, and logistics positions are required in the offense and defense, 
although more so in the defense. Also, command and control facilities require protection to 
lessen their vulnerability. During halts in the advance, units should develop as many protective 
positions as possible for antitank weapons, indirect fire weapons, and critical supplies. For 
example, expedient earth excavations or parapets are located to make the best use of existing 
terrain. During the early planning stages, the terrain analysis teams at division, corps, and theater 
levels can provide information on soil conditions, vegetative concealment, and terrain masking 
along the routes of march. Each position design should include camouflage from the start, with 
deception techniques developed as the situation and time permit. 


In the Defense 


Defensive missions demand the greatest survivability and protective construction effort. 
Activities in the defense include constructing protective positions for command and control 
artillery, air defense, and critical equipment and supplies. They also include preparing individual 
and crew-served weapons positions and defilade fighting positions for fighting vehicles. 
Meanwhile, countermobility operations will compete with these survivability activities for 
engineer assistance. Here again, maneuver commanders must instruct their crews to prepare 
initial positions without engineer help. As countermobility activities are completed, engineers 
will help improve those survivability positions. 


Two key factors in defensive position fighting development are: proper siting in relation to the 
surrounding terrain, and proper siting for the most effective employment of key weapons systems 
such as antitank guided missiles (АТСМ5), crew-served weapons, and tanks. Critical elements 
for protective positions are command and control facilities, supply, and ammunition areas since 
these will be targeted first by the Threat. The degree of protection for these facilities is 
determined by the probability of acquisition,and not simply by the general threat. Facilities 
emitting a strong electromagnetic signal, or substantial thermal and visual signature, require full 
protection against the Threat. Electronic countermeasures and deception activities are mandatory 
and an integral part of all activities in the defense. 


COMBAT/COMBAT SUPPORT ROLE 


The survivability requirements for the following units are shown collectively in the table on 
Survivability Requirements. 
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Light Infantry 


Light infantry units include rifle, airborne, air assault, and ranger units. They are ideally suited 
for close-in fighting against a force which has equal mobility or a mobility advantage which is 
degraded or offset. Difficult terrain, obstacles, and/or weather can degrade a mobility advantage. 
Surprise or stealth can offset a mobility advantage. In restricted terrain such as cities, forests, or 
mountains, light infantry units are also a challenge to enemy armor forces. 


Due to the lack of substantial armor protection, light infantry units may require extensive 
fighting positions for individual and crew-served weapons, antitank weapons, and vehicles. 
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Command and control facilities require protective positions. The defense requires fortified 
positions when terrain use is critical and when covered routes are required between positions. 


Light forces readily use local materials to develop fighting positions and bunkers rapidly. 
Priorities are quickly established for position development-first to antitank and crew-served 
weapon positions, and then to command and control facilities and vital logistics positions. 
Artillery positions must have hardening improvements soon after emplacement is complete. In 
air assault units, aircraft protection is given high priority. Aircraft is dispersed and parapets or 
walls are constructed when possible. 


Mechanized Infantry 


Mechanized infantry operations in both the offense and the defense are characterized by rapid 
location changes and changes from fighting mounted to fighting dismounted. Mechanized 
infantry units normally fight integrated with tanks, primarily to destroy enemy infantry and 
antitank defenses. When forced to fight dismounted, such units need support by fire from 
weapons on board their АРС5 or infantry fighting vehicles (IFVs). When the terrain is not 
suitable for tracked vehicles or visibility is severely restricted, mechanized infantry may have to 
fight dismounted without the support of APCs or IFVs. When mounted, mechanized forces rely 
heavily on terrain positioning for fighting positions. Fighting positions increase survivability 
when the situation and time permit construction. 


Armor 


The tank is the primary offensive weapon in mounted warfare. Its firepower, protection from 
enemy fire, and speed create the shock effect necessary to disrupt the enemy's operations. Tanks 
destroy enemy armored vehicles and suppress enemy infantry and ATGMs. Armor and infantry 
form the nucleus of the combined arms team and both complement and reinforce each other. 
Infantry assists the advance of tanks in difficult terrain, while armor provides protection in open 
terrain, thus providing flexibility during combined arms maneuver. 


Armor units rely on terrain positioning to decrease vulnerability. When possible, these terrain 
fighting positions are reinforced (deepened) by excavation. Protective positions for thin-skinned 
and lightly-armored support vehicles, as well as command posts and critical supplies, require 
significant hardening. Armor units enhance protection by constructing alternate and 
supplementary positions and defining routes between them. 


Armored and Air Cavalry 


Armored cavalry units need minimal fighting and protective positions. They rely almost totally 
on effective use of maneuver and terrain to reduce the acquisition threat. Air cavalry units, 
performing the same reconnaissance and security missions as ground armored cavalry, require 
somewhat more protective construction. Protective revetments and/or parapets are required at 
forward arming and refueling points (FARPs) and, in some cases, at forward assembly areas. 
These activities are always time consuming and supplement the basic survivability enhancement 
techniques of dispersion and camouflage. 
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Aviation 


Army aviation units, in addition to air cavalry units, consist of attack helicopter and combat 
support aviation forces. Attack helicopter units are aerial maneuver units which provide highly 
maneuverable antiarmor firepower. They are ideally suited for employment in situations where 
rapid reaction time is important, or where terrain restricts ground forces. 


Combat support aviation units give dismounted infantry and ground antitank units tactical 
mobility. This enables them to move rapidly to the enemy's flanks or rear, or to reposition 
rapidly in the defense. Combat support aviation units can quickly move towed field artillery units 
and other lighter combined arms team elements as the commander dictates. They also provide 
critical supplies to forward areas in the defense and attacking formations when groundlines of 
communications have been interdicted. 


Protection for Army aviation units is employed with full consideration to time constraints, 
logistical constraints, and the tactical situation. The primary means for aircraft protection on the 
ground is a combination of terrain masking, cover and concealment, effective camouflage, and 
dispersion. When possible, protective parapets and revetments are built. Aircraft logistics 
facilities, including FARPs and maintenance facilities, require additional protective construction. 
The FARPs require some protection of supplies and ordnance through the use of protective 
parapets and bunkers. They also require fighting positions for occupants of the points. 


Field Artillery 


Field artillery is the main fire support element in battlefield fire and maneuver. Field artillery is 
capable of suppressing enemy direct fire forces, attacking enemy artillery and mortars, 
suppressing enemy air defenses, and delivering scatterable mines to isolate and interdict enemy 
forces or protect friendly operations. It integrates all means of fire support available to the 
commander and is often as mobile as any maneuver force it supports. Fighting and protective 
position use is one of several alternatives the field artillery leader must evaluate. This alternate 
may be alone or in combination with other survivability operations, such as frequent moves and 
adequate dispersion. 


Counterfire from enemy artillery is the most frequent threat to artillery units. Dug-in positions 
and/or parapet positions, as well as existing terrain and facilities, can provide protection. Threat 
acquisition and targeting activities are heavily used against artillery and are supplemented by 
some covert Threat deep ground attacks. Thus, personnel and equipment need some direct fire 
protection. Fire direction centers and battery operation centers should be protected with hardened 
bunkers or positions to defeat counterfire designed to eliminate artillery control. 


In urban areas, existing structures offer considerable protection. Preparation for these is minimal 
compared to the level of protection. The use of self-propelled and towed equipment for 
positioning and hardening efforts enhance survivability. Some self-propelled units have 
significant inherent protection and maneuverability which allow more flexibility in protective 
structure design. 
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Combat Engineers 


Combat engineers contribute to the combined arms team by performing the missions of mobility, 
countermobility, survivability, topographic operations, general engineering, and fight as infantry. 
Mobility missions include breaching enemy minefield and obstacles, route improvement and 
construction, and water-crossing operations. Countermobility missions include the 
enhancement of fire through obstacle and minefield employment. Survivability missions 
enhance the total survivability of the force through fighting and protective position construction. 
Topographic operations engineering missions include detailed terrain analysis, terrain 
overlays, trafficability studies, evaluation of cover and concealment, soils maps, and other 
information to base mobility, countermobility, and survivability decisions. General 
engineering missions support theater armies with both vertical and horizontal construction 
capabilities. 


Combat engineer fighting and protective position requirements depend on the type and location 
of the mission being performed in support of the combined arms team. Personnel and equipment 
protective positions are used when project sites are located within an area that the Threat can 
acquire. Engineers have limited inherent protection in vehicles and equipment and will require 
fighting positions, protective command and control, and critical supply bunkers when under an 
enemy attack. When time is available and when the mission permits, revetments and parapets can 
protect construction equipment. Generally, engineers use the same methods of protection used to 
protect the maneuver force they are supporting. 


When engineers fight as infantry, they employ protective measures similar to those 
required by light or mechanized infantry forces. 


Air Defense Artillery 


Air defense units provide security from enemy air attack by destroying or driving off enemy 
aircraft and helicopters. Their fire degrades the effectiveness of enemy strike and reconnaissance 
aircraft by forcing the enemy to evade friendly air defense. Short-range air defense systems 
normally provide forward air defense protection for maneuver units whether the units are 
attacking, delaying, withdrawing, or repositioning in the defense. Air defense units also provide 
security for critical facilities and installations. 


The main technique for air defense artillery (ADA) survivability is frequent movement. Because 
their main mission is to protect divisional and corps assets, ADA units are a high-priority target 
for suppression or attack by enemy artillery and tactical aircraft. Signature acquisition 
equipment, smoke, dust, contrails associated with firing, and siting requirements allow them to 
conduct their mission. Available terrain is generally used for cover and concealment since little 
time is available for deliberate protective construction. Dummy positions are constructed 
whenever possible, since they may draw significant enemy artillery fire and aircraft attack. 


The ADA equipment used is usually protected by parapets, revetments, or dug-in positions 
similar to infantry and armor/tracked vehicle positions as long as fields of fire for the systems are 


1-14 


EM 5-103 


maintained. Deliberate protective construction is always done when systems are employed to 
defend fixed installations, command posts, or logistics systems. 


Unit Support Systems 


Several types of combat support equipment and their positions are considered unit support 
systems. These systems include communications and power generation equipment, field trains, 
forward supply points, decontamination sites, and water points. Protection for each of these 
positions depends greatly on their battlefield location and on the mission's complexity. Protective 
measures for both equipment and organic and supported personnel are normally provided. Initial 
positioning of these systems takes full advantage of terrain masking, cover and concealment, and 
terrain use to enhance camouflage activities. 


Major Logistics Systems and Rear Areas 


Major logistics systems and rear area operations include rear area supply depots; petroleum, oils, 
and lubricants (POL) tank/bladder farms; rear area/depot level maintenance activities; and so on. 
Survivability planners are most concerned with denial of acquisition and targeting of these 
positions by the Threat. A combination of camouflage and deception activities is usually used to 
conceal major logistics system activities. 


Actual survivability measures used to protect large activities depend on the type of threat 
anticipated and target analysis. The obvious threat to large facilities is conventional or 
nuclear/chemical artillery, or missile or air attack. These facilities need physical protection and 
built-in hardening. A less obvious threat is covert activities begun after a Threat insertion of 
deep-strike ground forces. Measures to counter this type of threat include some fighting and 
protective positions designed to defeat a ground force or direct fire threat. 
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CHAPTER 2 
SURVIVABILITY ANALYSIS 
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THE PLANNING PROCESS 


This section outlines the information needed and the decision-making process required for 
executing survivability missions. Increased engineer requirements on the AirLand battlefield will 
limit engineer resources supporting survivability. Mobility, countermobility, survivability (M- 
CM-S), and general engineering requirements are in competition for the same engineer assets. 
Survivability requirements are compared with the tactical need and the need for mobility and 
countermobility operations. The maneuver commander sets the priorities which allow the force 
to perform critical tasks. The successful force must have enough flexibility to recognize and 
make immediate necessary changes on the battlefield. 


DECISION MAKING 


Both the commander and staff are involved in the military decision-making process. It provides 
courses of action for the commander and, by selecting the best course, enhances survivability. 
The staff input in the decision-making process for planning survivability missions includes: 


e Military intelligence (enemy activity, terrain, weather, and weapon types). 
e Operations (tactical maneuver, fire support, and engineer support). 
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е Administration/logistics (personnel and combat services support activities). 
e Civil affairs (civilians possibly affected by military operations). 


PLANNING SEQUENCE 


The engineer prepares or assists in the preparation of survivability estimates and plans to support 
the survivability efforts of the entire unit. In organizations without a staff engineer, the 
operations officer performs the analysis and formulates survivability plans. The following 
sequence is used to develop survivability support options and plans. 


е Mission and commander's guidance are received. 

е Time available is considered. 

e Threat situation and Threat direct and indirect assets are analyzed. 

e Friendly situation and survivability support resources are evaluated. 

e Survivability data, including terrain analysis results, is evaluated. 

e Possible courses of action are developed. 

e The Survivability portion of the engineer estimate is prepared. 

e Courses of action constraints are compared with actual engineer resources available. 
е Plans are prepared, orders are issued, and staff supervision is conducted. 


The survivability planning process is completed when the survivability estimates and plans are 
combined with those for mobility, countermobility, and general engineering. The maneuver 
commander then has a basis for deciding task priorities and allocating support. 


DATA COLLECTION 
INFORMATION ON METT-T 


Information on mission, enemy, terrain and weather, time, and troops (METT-T) is compiled. 


The Mission 


Subordinate commanders/leaders must understand the maneuver commander's mission and 
guidance. The commander/ leader must know what survivability tasks are necessary and how 
they interface with mobility, countermobility, and other tasks necessary for completing the 
mission. In addition, the commander/leader implementing survivability tasks must know if any 
additional support is available. 


The Enemy 


The maneuver commander and engineer must fully understand the threat to the force. Weapon 
types, probable number of weapons and rounds, and types of attack to expect are critical in 
survivability planning. When these factors are known, appropriate fighting and protective 
positions are designed and constructed. 
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Terrain and Weather 


One of the most important sources of information the maneuver commander and supporting 
engineer receive is a detailed terrain analysis of the area. This analysis is provided by the 
division terrain team (DTT) or corps terrain team (CTT). It includes the types of terrain, soil, and 
weather in the area of operations. A good mental picture of the area of operations enables the 
commander to evaluate all M-CM-S and general engineering activities to create the best plan for 
attack or defense. 


Time 


Every survivability mission has a deadline for reaching a predetermined level of protection. 
Hardening activities will continue past the deadline and are done as long as the force remains in 
the position. Survivability time constraints are deeply intertwined with mobility and 
countermobility time constraints. If the level of protection required cannot be achieved in the 
time allotted, resources are then committed to mobility or countermobility operations, or as 
designated by the maneuver commander. 


Troops and Resources 


The commander must weigh available labor, material constraints, and engineer support before 
planning an operation. Labor constraints are identified through analysis of the three sources of 
labor-maneuver unit troops, engineer troops, and indigenous (host nation/local area) personnel. 
Supply and equipment constraints are identified through analysis of on-hand supplies, naturally- 
available materials, and supplies available through military and indigenous channels. Careful 
procurement consideration is given to available civilian engineer equipment to supplement 
military equipment. 


INFORMATION ON INTELLIGENCE 


The maneuver force commander and engineer must have access to available intelligence 
information provided by staff elements. Battalion S2 sections provide the bulk of reconnaissance 
and terrain information, and experts at the division level and above assist the commander. For 
example, the DS terrain team, the production section of the division tactical operations center 
(DTOC) support element, and the corps cartographic company can quickly provide required 
terrain products. In addition, the commander uses the division intelligence system which 
provides the Threat order of battle and war-damaged key facilities. When reconnaissance 
requirements exceed the capability of battalion reconnaissance elements, maneuver or supporting 
engineer units collect their own information. 


EVALUATION 
When the engineer or maneuver units have collected all data required for protective construction, 


the data is analyzed to evaluate possible courses of action. Alternatives are based on the 
commander's guidance on protection needs, priorities, and planning. 
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PROTECTION NEEDS 


Although the decision on what is to be protected depends on the tactical situation, the following 
criteria are used as a guide: 


е Exposure to direct, indirect, and tactical air fire. 

e Vulnerability to discovery and location due to electronic emissions (communications and 
radar), firing signature, trackable projectiles, and the need to operate in the open. 

е Capability to move to avoid detection, or to displace before counterfire arrives. 

е Armor suitable to cover direct small caliber fire, indirect artillery and mortar fire, and 
direct fire antitank weapons. 

e Distance from the FLOT which affects the likelihood of acquisition as a target, 
vulnerability to artillery and air bombardment, and chance of direct contact with the 
enemy. 

е Availability of natural cover. 

е Any unique equipment item, the loss of which would make other equipment worthless. 

е Enemy's engagement priority to include which forces the Threat most likely will engage 
first. 

e Ability to establish positions with organic equipment. 


Using these factors in a vulnerability analysis will show the maneuver commander and the 
engineer which maneuver, field artillery, and ADA units require the most survivability support. 
The table Equipment to be Protected lists weapons systems in these units requiring fighting 
position/protective position construction. 


PROTECTION PRIORITIES 


Based on a vulnerability analysis of systems that need protecting in the tactical situation, the 
maneuver commander develops the priorities for protective activities. Setting 
survivability priorities is a manuever commander's decision 
based on the engineer's advice. Using the protection criteria discussed earlier, 
and an up-to-date detailed terrain analysis portraying the degree of natural protection, a 
commander develops and ranks a detailed tactical construction plan to support survivability 
efforts. This detailed plan is usually broken down into several priority groupings or levels of 
protection. Primary, supplementary, and alternate positions are developed in stages or in 
increasing increments of protection. 
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The table below shows example standard survivability levels for maneuver units in defensive 
positions. The levels and figures developed in the table are usually used by the maneuver 
commander in developing priorities, and by the engineer in advising the commander on 
survivability workloads. The number of vehicles or weapons systems in the table is modified 
after comparing with the actual equipment on hand. The table is used as a general planning 
guide. Weapon systems, such as missiles and nuclear-capable tube artillery, will require the 
maximum protection the tactical situation permits, regardless of whether the force is in an 


offensive or defensive posture. 
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In the Offense 


In offensive operations, fighting and protective positions are developed whenever time is 
adequate, such as during a temporary halt for regrouping and consolidation. Recommended 
priorities for protection at a halt in the offense are- 


е Antitank weapons. 

e Tanks. 

e Indirect fire weapons. 

e Critical supplies, such as ammunition and POL, as well as ground vehicles and aircraft 
(rotary winged). 
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These positions are usually expedient positions having the thickness necessary for frontal and 
side protection, making maximum use of the terrain. 


In the Defense 


In defensive operations, substantial effort for fighting and protective position construction is 
required. General priorities for protective construction in a defensive battle position are- 


е  Antitank weapon protection. 

е Tank position development. 

е Armored personnel carrier (АРС) position development. 

е Command post position hardening. 

е Combat support position (including field artillery, ADA, mortars, and so on) hardening. 

e  Crew-served weapons position, individual fighting position, and covered routes between 
battle positions. 


PROTECTION PLANNING 
Operations Staff Officer 


Priorities of work are recommended by the maneuver operations staff officer with input from the 
engineer. Survivability requirements for a defensive operation might receive the commander's 
first priority for engineer work. However, these tasks may require using only 10 percent of the 
engineer resources, while countermobility tasks may demand 70 percent. 


The maneuver commander establishes engineer work priorities and sets priorities for tasks within 
the functions just mentioned. Using an analysis of what equipment requires protection, what 
priorities are set for sequential protection of the equipment, and which equipment and personnel 
require immediate protection, the maneuver commander can set individual priorities for 
survivability work. 


Engineer Staff Officer 


Survivability data and recommendations are presented to the commander or supported unit 
through an engineer staff estimate. The engineer estimate includes a recommendation for task 
organization and mobility, countermobility, survivability, and general engineering task priorities. 
Instructions for developing the engineer estimate are contained in FM 5-100. 


Tasks Organizations 


Various command and support relationships under which engineer assets are task-organized can 
enhance mission accomplishment. The available assets are applied to each original course of 
action in a manner best suited to the METT-T factors and the survivability analysis. The table 
below lists the different command and support relationships and how they affect the engineer 
unit. The recommended command relationship for engineers is operational control (OPCON) to 
the supported unit. 
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Operations orders (OPORDs) are used by the commander or leader to carry out decisions made 
following the estimating and planning process. Survivability missions are usually prescribed in 
the OPORD for all units, including both engineers and nonengineers. Survivability priorities are 
specifically defined in the OPORD. Field Manual 5-100 discusses engineer input to OPORDs. It 
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COMMAND AND CONTROL 


COMMANDERS ' 


RESPONSIBILITIES 


is impossible to divide responsibilities in survivability missions between the maneuver 
commander and the engineer commander. 
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The maneuver commander is responsible for organizing, planning, coordinating, and effectively 
using engineer resources to accomplish the survivability mission. The maneuver commander 
must rely on the engineer staff officer or supporting engineer commander to provide analyses 
and recommendations for protective construction and fighting position employment. The 
commander implements decisions by setting priorities and further defining the constraints of the 
mission to the engineer. 


Engineer Commander 


The engineer commander, in addition to fulfilling advisory responsibilities to the maneuver 
commander, accomplishes tasks in support of the overall survivability mission as follows: 


е Insures timely reports concerning survivability tasks аге made to the engineer staff officer 
or the operations and plans officer (G3/S3). 

е Develops survivability operational plans. 

e  [nsures engineer tasks are supervised, whether or not they are performed using engineer 
labor. 

e Inspects fighting and protective positions for structural soundness. 

e Provides advice and repair estimates for fighting and protective positions built or 
occupied by supported units. 

е Recommends and identifies uses for engineer support in survivability operations through 
the sequence of command and staff actions. 

е Evaluates terrain to determine the best areas for construction of survivability systems. 


Joint Responsibilities 


Based on knowledge of fighting and protective position effectiveness and protection ability, the 
engineer continues to advise the maneuver commander on survivability matters following the 
location, construction, and/or repair of these positions. The engineer provides valuable 
information to aid in decision-making for deployment to alternate and supplementary positions 
and retrograde operations. The engineer keeps the maneuver commander informed on the level 
of fighting that the existing fighting and protective positions support, and what protection the 
covered routes provide when movement between positions occurs. 


STAFF OFFICERS' RESPONSIBILITIES 


The engineer staff officers' (Brigade Engineer, Assistant Division Engineer) responsibilities 
include Coordination of mobility, countermobility, survivability, and general engineering tasks 
on the battlefield. As a special member of the commander's staff, the engineer interacts with 
other staff personnel. This is accomplished by integrating survivability considerations with plans 
and actions of the other staff members. Staff responsibilities concerning survivability plans and 
execution are as follows. 
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The G2/S2 is the primary staff officer for intelligence matters and has responsibility for 
collecting information on Threat operations and types and numbers of weapons used. Using all 
available intelligence sources to predict enemy choices for avenues of approach, the G2/S2 
assists in survivability emplacement. It is the responsibility of the G2/S2 to receive survivability 
emplacement records from the G3/S3, disseminate the information, and forward records to the 
senior theater Army engineer. 
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Тһе G3/S3 has primary staff responsibility for all plans and operations, and also develops the 
defensive and fire support plans considering survivability and other engineering support. The 
G3/S3 also receives progress/ completion reports for survivability construction and emplacement 
and records this information in conjunction with mobility and countermobility records (for 
example, minefield and obstacle records). The G3/S3 works closely with the staff engineer to 
develop the engineer support plans for the commander. 
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The С4/54 is the primary staff coordinator for the logistic support required for survivability 
tasks. The G4/S4 works closely with the staff engineer to insure that types and quantities of 
construction materials for survivability emplacements are available. The G4/S4 also coordinates 
with the engineer to supply additional transportation and equipment in accordance with the 
commander's priorities for engineer support. Engineers alone do not have the assets to haul all of 
the class VI material necessary for hardened survivability positions. 
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CHAPTER 3 
PLANNING POSITIONS 
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WEAPONS EFFECTS 


A fighting position is a place on the battlefield from which 
troops engage the enemy with direct and indirect fire weapons. 
The positions provide necessary protection for personnel, yet 
allow for fields of fire and maneuver. A protective position 
protects the personnel and/or material not directly involved 
with fighting the enemy from attack or environmental extremes. 
In order to develop plans for fighting and protective positions, 
five types of weapons, their effects, and their survivability 
considerations are presented. Air-delivered weapons such as 
ATGMs, laser-guided missiles, mines, and large bombs require 
similar survivability considerations. 


DIRECT FIRE 


Direct fire projectiles are primarily designed to strike a 
target with a velocity high enough to achieve penetration. The 
chemical energy projectile uses some form of chemical heat and 
blast to achieve penetration. It detonates either at impact or 
when maximum penetration is achieved. Chemical energy 
projectiles carrying impact-detonated or delayed detonation 
high-explosive charges are used mainly for direct fire from 
systems with high accuracy and consistently good target 
acquisition ability. Tanks, antitank weapons, and automatic 
cannons usually use these types of projectiles. 
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The kinetic energy projectile uses high velocity and mass 
(momentum) to penetrate its target. Currently, the hypervelocity 
projectile causes the most concern in survivability position 
design. The materials used must dissipate the projectile's 
energy and thus prevent total penetration. Shielding against 
direct fire projectiles should initially stop or deform the 
projectiles in order to prevent or limit penetration. 


Direct fire projectiles are further divided into the categories 
of ball and tracer, armor piercing and armor piercing 
incendiary, and high explosive (HE) rounds. 


Ball and Tracer 


Ball and tracer rounds are normally of a relatively small 

caliber (5.56 to 14.5 millimeters (mm)) and are fired from 
pistols, rifles, and machine guns. The round's projectile 

penetrates soft targets on impact at a high velocity. The 

penetration depends directly on the projectile's velocity, 
weight, and angle at which it hits. 


Armor Piercing and Armor Piercing Incendiary 


Armor piercing and armor piercing incendiary rounds are designed 
to penetrate armor plate and other types of homogeneous steel. 
Armor piercing projectiles have a special jacket encasing a hard 
core or penetrating rod which is designed to penetrate when 
fired with high accuracy at an angle very close to the 
perpendicular of the target. Incendiary projectiles are used 
principally to penetrate a target and ignite its contents. They 
are used effectively against fuel supplies and storage areas. 


High Explosive 


High explosive rounds include high explosive antitank (HEAT) 
rounds, recoilless rifle rounds, and antitank rockets. They are 
designed to detonate a shaped charge on impact. At detonation, 
an extremely high velocity molten jet is formed. This jet 
perforates large thicknesses of high-density material, continues 
along its path, and sets fuel and ammunition on fire. The HEAT 
rounds generally range in size from 60 to 120 mm. 


Survivability Considerations 
Direct fire survivability considerations include oblique impact, 


or impact of projectiles at other than a perpendicular angle to 
the structure, which increases the apparent thickness of the 
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structure and decreases the possibility of penetration. The 
potential for ricochet off a structure increases as the angle of 
impact from the perpendicular increases. Designers of protective 
structures should select the proper material and design exposed 
surfaces with the maximum angle from the perpendicular to the 
direction of fire. Also, a low structure silhouette design makes 
a structure harder to engage with direct fire. 


INDIRECT FIRE 


Indirect fire projectiles used against fighting and protective 
positions include mortar and artillery shells and rockets which 
cause blast and fragmentation damage to affected structures. 


Blast 


Blast, caused by the detonation of the explosive charge, creates 
a shock wave which knocks apart walls or roof structures. 
Contact bursts cause excavation cave-in from ground shock, or 
structure collapse. Overhead bursts can buckle or destroy the 
roof. 


Blasts from high explosive shells or rockets can occur in three 
Ways: 


• Overhead burst (fragmentation from ап artillery airburst 
shell). 

• Contact burst (blast from ап artillery shell exploding оп 
impact). 

• Delay fuse burst (blast from an artillery shell designed to 
detonate after penetration into a target). 


The severity of the blast effects increases as the distance from 
the structure to the point of impact decreases. Delay fuse 
bursts are the greatest threat to covered structures. Repeated 
surface or delay fuse bursts further degrade fighting and 
protective positions by the cratering effect and soil discharge. 
Indirect fire blast effects also cause concussions. The shock 
from a high explosive round detonation causes headaches, 
nosebleeds, and spinal and brain concussions. 

Fragmentation 


Fragmentation occurs when the projectile disintegrates, 
producing a mass of high-speed steel fragments which can 
perforate and become imbedded in fighting and protective 
positions. The pattern or distribution of fragments greatly 
affects the design of fighting and protective positions. 
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Airburst of artillery shells provides the greatest unrestricted 
distribution of fragments. Fragments created by surface and 
delay bursts are restricted by obstructions on the ground. 


Survivability Considerations 


Indirect fire survivability from fragmentation requires 
shielding similar to that needed for direct fire penetration. 


NUCLEAR 


Nuclear weapons effects are classified as residual and initial. 
Residual effects (such as fallout) are primarily of long-term 
concern. However, they may seriously alter the operational plans 
in the immediate battle area. The figure below of tactical 
nuclear weapons shows how the energy released by detonation of a 
tactical nuclear explosion is divided. Initial effects occur in 
the immediate area shortly after detonation and are the most 
tactically significant since they cause personnel casualties and 
material damage within the immediate time span of any operation. 
The principal initial casualty producing effects are blast, 
thermal radiation (burning), and nuclear radiation. Other 
initial effects, such as electromagnetic pulse (EMP) and 
transient radiation effects on electronics (TREE), affect 
electrical and electronic equipment. 
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Blast from nuclear bursts overturns and crushes equipment, 
collapses lungs, ruptures eardrums, hurls debris and personnel, 
and collapses positions and structures. 


Thermal Radiation 


Thermal radiation sets fire to combustible materials, and causes 
flash blindness or burns in the eyes, as well as personnel 
casualties from skin burns. 


Nuclear Radiation 


Nuclear radiation damages cells throughout the body. This 
radiation damage may cause the headaches, nausea, vomiting, and 
diarrhea generally called "radiation sickness". The severity of 
radiation sickness depends on the extent of initial exposure. 
The figure below shows the relationship between dose of nuclear 
radiation and distance from ground zero for a 1-kiloton weapon. 
Once the dose is known, initial radiation effects on personnel 
are determined from the table below. Radiation in the body is 
cumulative. 
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Initial Eadintion Effects on Personnel 
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Nuclear radiation is the dominant casualty producing effect of 
low-yield tactical nuclear weapons. But other initial effects 
may produce significant damage and/or casualties depending on 
the weapon type, yield, burst conditions, and the degree of 
personnel and equipment protection. The figure on Tactical radii 
shows tactical radii of effects for nominal 1-kiloton weapons. 
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Electromagnetic pulse 


Electromagnetic pulse (EMP) damages electrical and electronic 
equipment. It occurs at distances from the burst where other 
nuclear weapons effects produce little or no damage, and it 
lasts for less than a second after the burst. The pulse also 
damages vulnerable electrical and electronic equipment at ranges 
up to 5 kilometers for a 10-kiloton surface burst, and hundreds 
of kilometers for a similar high-altitude burst. 


Survivability Considerations 


Nuclear weapons survivability includes dispersion of protective 
positions within a suspected target area. Deep-covered positions 
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will minimize the danger from blast and thermal radiation. 
Personnel should habitually wear complete uniforms with hands, 
face, and neck covered. Nuclear radiation is minimized by 
avoiding the radioactive fallout area or remaining in deep- 
covered protective positions. Examples of expedient protective 
positions against initial nuclear effects are shown on the chart 
below. Additionally, buttoned-up armor vehicles offer limited 
protection from nuclear radiation. Removal of antennae and 
placement of critical electrical equipment into protective 
positions will reduce the adverse effects of EMP and TREE. 
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CHEMICAL 


Toxic chemical agents are primarily designed for use against 
personnel and to contaminate terrain and material. Agents do not 
destroy material and structures, but make them unusable for 
periods of time because of chemical contaminant absorption. The 
duration of chemical agent effectiveness depends on- 


‚ Weather conditions. 

e Dispersion methods. 

е Terrain conditions. 

• Physical properties. 

e Quantity used. 

e Type used (nerve, blood, or blister). 


Field Manual 21-40 provides chemical agent details and 
characteristics. Since the vapor of toxic chemical agents is 
heavier than air, it naturally tends to drift to the lowest 
corners or sections of a structure. Thus, low, unenclosed 
fighting and protective positions trap chemical vapors or 
agents. Because chemical agents saturate an area, access to 
positions without airlock entrance ways is limited during and 
after an attack, since every entering or exiting soldier brings 
contamination inside. 

Survivability Considerations 


Survivability of chemical effects includes overhead cover of any 
design that delays penetration of chemical vapors and biological 
aerosols, thereby providing additional masking time and 
protection against direct liquid contamination. Packing 
materials and covers are used to protect sensitive equipment. 
Proper use of protective clothing and equipment, along with 
Simply avoiding the contaminated area, aids greatly in chemical 
survivability. 


SPECIAL PURPOSE 


Fuel-air munitions and flamethrowers are considered special- 
purpose weapons. Fuel-air munitions disperse fuel into the 
atmosphere forming a fuel-air mixture that is detonated. The 
fuel is usually contained in a metal canister and is dispersed 
by detonation of a central burster charge carried within the 
Canister. Upon proper dispersion, the fuel-air mixture is 
detonated. Peak pressures created within the detonated cloud 
reach 300 pounds per square inch (psi). Fuel-air munitions 
create large area loading on a structure as compared to 
localized loadings caused by an equal weight high explosive 


3-10 


EM 5-103 


charge. High temperatures ignite flammable materials. 
Flamethrowers and napalm produce intense heat and noxious gases 
which can neutralize accessible positions. The intense flame may 
also exhaust the oxygen content of inside air causing 
respiratory injuries to occupants shielded from the flaming 
fuel. Flame is effective in penetrating protective positions. 


Survivability Considerations 


Survivability of special purpose weapons effects includes 
covered positions with relatively small apertures and closable 
entrance areas which provide protection from napalm and 
flamethrowers. Deep-supported tunnels and positions provide 
protection from other fuel-air munitions and explosives. 


CONSTRUCTION MATERIALS 


Before designing fighting and protective positions, it is 
important to know how the previously-described weapons affect 
and interact with various materials that are fired upon. The 
materials used in fighting and protective position construction 
act as either shielding for the protected equipment and 
personnel, structural components to hold the shielding in place, 
or both. 


SHIELDING MATERIALS 


Shielding provides protection against penetration of both 
projectiles and fragments, nuclear and thermal radiation, and 
the effects of fire and chemical agents. Various materials and 
amounts of materials provide varying degrees of shielding. Some 
of the more commonly used materials and the effects of both 
projectile and fragment penetration in these materials, as well 
as nuclear and thermal radiation suppression, are discussed in 
the following paragraphs. (Incendiary and chemical effects are 
generalized from the previous discussion of weapons effects.) 
The following three tables contain shielding requirements of 
various materials to protect against direct hits by direct fire 
projectiles, direct fire high explosive (HE) shaped charges, and 
indirect fire fragmentation and blast . The table below lists 
nuclear protection factors associated with earth cover and 
sandbags. 
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Soil 


Direct fire and indirect fire fragmentation penetration in soil 
or other similar granular material is based on three 
considerations: for materials of the same density, the finer the 
grain the greater the penetration; penetration decreases with 
increase in density; and penetration increases with increasing 
water content. Nuclear and thermal radiation protection of soil 
is governed by the following: 


e The more earth cover, the better the shielding. Each layer 
of sandbags filled with sand or clay reduces transmitted 
radiation by 50 percent. 

• Sand or compacted clay provides better radiation shielding 
than other soils which are less dense. 

e Damp or wet earth or sand provides better protection than 
dry material. 

e Sandbags protected by a top layer of earth survive thermal 
radiation better than exposed bags. Exposed bags may burn, 
spill their contents, and become susceptible to the blast 
wave. 


Steel 


Steel is the most commonly used material for protection against 
direct and indirect fire fragmentation. Steel is also more 
likely to deform a projectile as it penetrates, and is much less 
likely to span than concrete. Steel plates, only 1/5 the thickness 
of concrete, afford equal protection against nondeforming 
projectiles of small and intermediate calibers. Because of its 
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high density, steel is five times more effective in initial 
radiation suppression than an equal thickness of concrete. It is 
also effective against thermal radiation, although it transmits 
heat rapidly. Many field expedient types of steel are usable for 
shielding. Steel landing mats, culvert sections, and steel 
drums, for example, are effectively used in a structure as one 
of several composite materials. Expedient steel pieces are also 
used for individual protection against projectile and fragment 
penetration and nuclear radiation. 


Concrete 


When reinforcing steel is used in concrete, direct and indirect 
fire fragmentation protection is excellent. The reinforcing 
helps the concrete to remain intact even after excessive 
cracking caused by penetration. when a near miss shell explodes, 
its fragments travel faster than its blast wave. If these 
fragments strike the exposed concrete surfaces of a protective 
position, they can weaken the concrete to such an extent that 
the blast wave destroys it. When possible, at least one layer of 
sandbags, placed on their short ends, or 15 inches of soil 
should cover all exposed concrete surfaces. An additional 
consequence of concrete penetration is spalling. If a projectile 
partially penetrates concrete shielding, particles and chunks of 
concrete often break or scab off the back of the shield at the 
time of impact. These particles can kill when broken loose. 
Concrete provides excellent protection against nuclear and 
thermal radiation. 


Rock 


Direct and indirect fire fragmentation penetration into rock 
depends on the rock's physical properties and the number of 
joints, fractures, and other irregularities contained in the 
rock. These irregularities weaken rock and can increase 
penetration. Several layers of irregularly-shaped rock can 
change the angle of penetration. Hard rock can cause a 
projectile or fragment to flatten out or break up and stop 
penetration. Nuclear and thermal radiation protection is limited 
because of undetectable voids and cracks in rocks. Generally, 
rock is not as effective against radiation as concrete, since 
the ability to provide protection depends on the rock's density. 


Brick and Masonry 


Direct and indirect fire fragmentation penetration into brick 
and masonry have the same protection limitations as rock. 
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Nuclear and thermal radiation protection by brick and masonry is 
1.5 times more effective than the protection afforded by soil. 
This characteristic is due to the higher compressive strength 
and hardness properties of brick and masonry. However, since 
density determines the degree of protection against initial 
radiation, unreinforced brick and masonry are not as good as 
concrete for penetration protection. 


Snow and Ice 


Although snow and ice are sometimes the only available materials 
in certain locations, they are used for shielding only. Weather 
could cause structures made of snow or ice to wear away or even 
collapse. Shielding composed of frozen materials provides 
protection from initial radiation, but melts if thermal 
radiation effects are strong enough. 


Wood 


Direct and indirect fire fragmentation protection using wood is 
limited because of its low density and relatively low 
compressive strengths. Greater thicknesses of wood than of soil 
are needed for protection from penetration. Wood is generally 
used as structural support for a survivability position. The low 
density of wood provides poor protection from nuclear and 
thermal radiation. Also, with its low ignition point, wood is 
easily destroyed by fire from thermal radiation. 


Other Materials 


Expedient materials include steel pickets, landing mats, steel 
culverts, steel drums, and steel shipping consolidated express 
(CONEX) containers. Chapter 4 discusses fighting and protective 
positions constructed with some of these materials. 


STRUCTURAL COMPONENTS 


The structure of a fighting and protective position depends on 
the weapon or weapon effect it is designed to defeat. А11 
fighting and protective positions have some configuration of 
floor, walls, and roof designed to protect material and/or 
occupants. The floor, walls, and roof support the shielding 
discussed earlier, or may in themselves make up that shielding. 
These components must also resist blast and ground shock effects 
from detonation of high explosive rounds which place greater 
stress on the structure than the weight of the components and 
the shielding. Designers must make structural components of the 
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positions stronger, larger, and/or more numerous in order to 
defeat blast and ground shock. Following is a discussion of 
materials used to build floors, walls, and roofs of positions. 


Floors 


Fighting and protective position floors are made from almost any 
material, but require resistance to weathering, wear, and 
trafficability. Soil is most often used, yet is least resistant 
to water damage and rutting from foot and vehicle traffic. Wood 
pallets, or other field-available materials are often cut to fit 
floor areas. Drainage sumps, shown below, or drains are also 
installed when possible. 


Drainage sump 


Fitar drained ui graded | | 
towards Фитр : Not ен than 


RN 
1 ft 
it, rr al r ; 
M 


Large гіппіт й 


ње Беті — 


Walls 


Walls of fighting and protective positions are of two basic 
types-below ground (earth or revetted earth) and aboveground. 
Below ground walls are made of the in-place soil remaining after 
excavation of the position. This soil may need revetment or 
support, depending on the soil properties and depth of cut. When 
used to support roof structures, earth walls must support the 
roof at points no less than one fourth the depth of cutout from 
the edges of excavation, as shown. 
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Earth wall roof oppet рот: 
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Aboveground walls are normally constructed for shielding from 
direct fire and fragments. They are usually built of revetted 
earth, sandbags, concrete, or other materials. When constructed 
to a thickness adequate for shielding from direct fire and 
fragments, they are thick and stable enough for roof support. 
Additional details on wall design are given in FM 5-35. 


Roofs 


Roofs of fighting and protective positions are easily designed 
to support earth cover for shielding from fragments and small 
caliber direct fire. However, contact burst protection requires 
much stronger roof structures and, therefore, careful design. 
Roofs for support of earth cover shielding are constructed of 
almost any material that is usually used as beams or stringers 
and sheathing. The first two tables present guidelines for 
wooden roof structures (for fragment shielding only). A third 
table is converting dimensioned to round timber. The tables on 
Maximum Span are pertaining to steel pickets and landing mats 
for roof supports (for fragment shielding only). 
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Maxim ши Span of Dim ensioaed Wood Roof Support for Earth Cover 


Тһектеші of 
Earth Cover, ft 


zy 


4 


24 3 


2 


ым мо мж 


Span Length, ft 
ку 


Wood Thickness . in 


4 в 
Ж. 72 
2 2 
2 2 
2 3 
2 3 
2 з 
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80 
33 
27 
22 
18 
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Span Langth, ft 
ӛн 4 


30 22 
42 18 
18 12 
14 10 
12 8/24" 
10 8720" 


Cante-te-Canter Spacing. 


16 
12 
10 
720‘ 
1 
10' 


10 
8720" 
18" 
14* 
12" 
105 
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Convering Dimensioned Timber іс Round Timber 


4x4 
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Bx8 
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"Ox 10 
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Шау Imm pan of Stee! Picket Boof Supports for Sandbag Layers 


Number of Sandbag Layers Span Length, fi 
3 8 8 
Single-Plcket Beams Carter-to-Center Spacing. in 
2 7 7 Б 
5 © 5 4 
10 4 4 3 
1B 4 3 z 
20 3 3 2 
Double Picket Beams** 
= 7 ? T 
B 7 7 Ї 
10 T 5 Б 
15 т 5 4 
20 Б 5 4 


ч sed with open side down. 
** Two pickats are welded together avery 8 inches along the 
span to form box bean. 


Maximum Span of Inverted Landing Mats (МЗАЛ) 
for Roof Support: 


Mumbar of £undbng (аута Span Length. 51 
2 10 
5 га 
10 5 
ІН 4 
10 a4 


When roof structures are designed to defeat contact bursts of 
high explosive projectiles, substantial additional roof 
protection is required. The table on defeat contact bursts gives 
basic design criteria for a roof. Appendix B of this manual 
describes a procedure for overhead cover design to defeat 
contact burst of high explosive projectiles. 


POSITION CATEGORIES 
Seven categories of fighting and protective positions or 
components of positions that are used together or separately 
are- 
e Holes and simple excavations. 


e Trenches. 
e Tunnels. 
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• Earth parapets. 

e Overhead cover and roof structures. 
e Triggering screens. 

e Shelters and bunkers. 


HOLES AND SIMPLE EXCAVATIONS 


Excavations, when feasible, provide good protection from direct 
fire and some indirect fire weapons effects. Open excavations 
have the advantages of- 


e Providing good protection from direct fire when the 
occupant would otherwise be exposed. 

e Permitting 360-degree observation and fire. 

e Providing good protection from nuclear weapons effects. 


Open excavations have the disadvantages of- 


e Providing limited protection from direct fire while the 
occupant is firing a weapon, since frontal and side 
protection is negligible. 

e Providing relatively no protection from fragments from 
overhead bursts of artillery shells. The larger the open 
excavation, the less the protection from artillery. 

e Providing limited protection from chemical effects. In some 
cases, chemicals concentrate in low holes and excavations. 


TRENCHES 


Trenches provide essentially the same protection from 
conventional, nuclear, and chemical effects as the other 
excavations described, and are used almost exclusively in 
defensive areas. They are employed as protective positions and 
used to connect individual holes, weapons positions, and 
shelters. They provide protection and concealment for personnel 
moving between fighting positions or in and out of the area. 
They are usually open excavations, but sections are sometimes 
covered to provide additional protection. Trenches are difficult 
to camouflage and are easily detected from the air. 


Trenches, like other positions, are developed progressively. As 
a general rule, they are excavated deeper than fighting 
positions to allow movement without exposure to enemy fire. It 
is usually necessary to provide revetment and drainage for them. 


TUNNELS 
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Tunnels are not frequently constructed in the defense of an area 
due to the time, effort, and technicalities involved. However, 
they are usually used to good advantage when the length of time 
an area is defended justifies the effort, and the ground lends 
itself to this purpose. The decision to build tunnels also 
depends greatly on the nature of the soil, which is usually 
determined by borings or similar means. Tunneling in hard rock 
is slow and generally impractical. Tunnels in clay or other soft 
soils are also impractical since builders must line them 
throughout to prevent collapse. Therefore, construction of 
tunneled defenses is usually limited to hilly terrain, steep 
hillsides, and favorable soils including hard chalk, soft 
sandstone, and other types of hard soil or soft rock. 


In the tunnel system shown, the soil was generally very hard and 
only the entrances were timbered. The speed of excavation using 
hand tools varied according to the soil, and seldom exceeded 25 
feet per day. In patches of hard rock, as little as 3 feet were 
excavated per day. Use of power tools did not significantly 
increase the speed of excavation. Engineer units, assisted by 
infantry personnel, performed the work. Tunnels of the type 
shown are excavated up to 30 feet below ground level. They are 
usually horizontal or nearly so. Entrances are strengthened 
against collapse under shell fire and ground shock from nuclear 
weapons. The first 16% feet from each entrance should have 
frames using 4 by 4s or larger timber supports. 
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Untimbered tunnels are generally 31% feet wide and 5 to 6 1/2 
feet high. Once beyond the portal or entrance, tunnels of up to 
this size are unlimbered if they are deep enough and the soil 
will stand open. Larger tunnels must have shoring. Chambers 
constructed in rock or extremely hard soil do not need timber 
supports. If timber is not used, the chamber is not wider than 
6% feet; if timbers are used, the width can increase to 10 feet. 
The chamber is generally the same height as the tunnel, and up 
to 13 feet long. 


Grenade traps are constructed at the bottom of straight lengths 
where they slope. This is done by cutting a recess about 3% feet 
deep in the wall facing the inclining floor of the tunnel. 


Much of the spoil from the excavated area requires disposal and 
concealment. The volume of spoil is usually estimated as one 
third greater than the volume of the tunnel. Tunnel entrances 
need concealment from enemy observation. Also, it is sometimes 
necessary during construction to transport spoil by hand through 
a trench. In cold regions, air warmer than outside air may rise 
from a tunnel entrance thus revealing the position. 
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The danger that tunnel entrances may become blocked and trap the 
occupants always exists. Picks and shovels are placed in each 
tunnel so that trapped personnel can dig their way out. 
Furthermore, at least two entrances are necessary for 
ventilation. Whenever possible, one or more emergency exits are 
provided. These are usually small tunnels with entrances 
normally closed or concealed. A tunnel is constructed from 
inside the system to within a few feet of the surface so that an 
easy breakthrough is possible. 


EARTH PARAPETS 


Excavations and trenches are usually modified to include front, 
rear, and side earth parapets. Parapets are constructed using 
spoil from the excavation or other materials carried to the 
site. Frontal, side, and rear parapets greatly increase the 
protection of occupants firing their weapons. Thicknesses 
required for parapets vary according to the material's ability 
to deny round penetration. 


Parapets are generally positioned as shown below to allow full 
frontal protection, thus relying on mutual support of other 
firing positions. Parapets are also used as a single means of 
protection, even in the absence of excavations. 


Parapet? used for frontal protection relying on mutual suppert 


OVERHEAD COVER AND ROOF STRUCTURES 


Fighting and protective positions are given overhead cover 
primarily to defeat indirect fire projectiles landing on or 
exploding above them. Defeat of an indirect fire attack on a 
position, then, requires that the three types of burst 
conditions are considered. (Note: Always place a waterproof 
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layer over any soil cover to prevent it from gaining moisture or 
weathering. ) 


Overhead Burst (Fragments) 


Protection against fragments from airburst artillery is provided 
by a thickness of shielding required to defeat a certain size 
shell fragment, supported by a roof structure adequate for the 
dead load of the shielding. This type of roof structure is 
designed using the thicknesses to defeat fragment penetration 
given in the table on Indirect Fire Fragmentation and Blast. As 
a general guide, fragment penetration protection always requires 
at least 11/2 feet of soil cover. For example, to defeat 
fragments from a 120-mm mortar when available cover material is 
sandbags filled with soil, the cover depth required is 1% feet. 
Then, the Maximum Span table shows that support of the 1% feet 
of cover (using 2 by 4 roof stringers over a 4-foot span) 
requires 16-inch center-to-center spacing of the 2 by 4s. This 
example is shown below. 


Pos Боп with overhead сове" protection against fragm enis from a 120mm mortar 
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Contact Burst 


Protection from contact burst of indirect fire HE shells 
requires much more cover and roof structure support than does 
protection from fragmentation. The type of roof structure 
necessary is given in the following table. For example, if a 
position must defeat the contact burst of an 82-mm mortar, the 
table provides multiple design options. If 4 by 4 stringers are 
positioned on 9-inch center-to-center spacings over a span of 8 
feet, then 2 feet of soil (loose, gravelly sand) is required to 
defeat the burst. Appendix B outlines a step-by-step design and 
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reverse design analysis procedure for cover protection of 
various materials to defeat contact bursts. 


Сагфог-10 Center Spacing for Wood Supporting 
Soil Cover to Dateat Contact Bursts 


Center-to-Canter Stringer Spacirg (11 inches}. lar 
Nominel Stringer Cited Span Length (81 (feni! 
Sige finches] Depth of Soi [dj (ве i 4 8 8 19 


Рог Defeat 2182. mm Contact Burgt 


2х ф 20 3 4 4 4 3 
3.0 18 12 B 5 4 
4.0 18 14 7 4 3 
їхБ 2.0 1 7 Ё Н Ё 
2.0 18 18 18 14 ü 
4.0 19 18 ТЕ 11 7 
4x1 2.0 7 1n +7 8 7 
100 1B 18 18 12 & 
40) ІН 18 18 10 T 
4xB8 1.5 + 5 7 R в 
2.0 14 18 18 18 18 
3.0 18 18 18 ТА ЈЕ 
For Defeat af 122. and 122 пега Contact Вита 
4g 0 2 = 2 
3.0 . - = - - 
4.0 З.Б 4 Б Б в 
5.0 14 12 12 11 10 
5.0 1% 18 1H 16 12 
Br E 2.0 
aa - - ` 
4.0 5 - Б.Б & Ē 
5.0 14 14 13 12 10) 
6.0 18 18 1H 18 12 
Бай 2.2 r - 
2.0 - - x 
4.0 Бр б а B 10 
Ба t8 ТЕ 18 18 17 
Baill 20 - 
о - - 
4.0 ТБ В 11 ta 18 
6,0 18 Н: ЇЕ 18 18 
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Canter-to-Cartar Spacing für Wood Supporting 
Зай Сокаг tb Defeat Contact Bursts (Continued) 


For Defeat of 152-mm Cartact Burst 


4x" 4.0 è 5 : Em 38 
5.0 6 6 7 ? 7 
6.0 I7 18 14 аф 13 
7.) 18 18 18 15 11 

Gnd 4.0 - : 5 = E 
5.0 7 8 8 ‚В Ї 
8.0 | 18 15 +2 19 
т) 18 TH 18 tB 11 

f x Ê 30 - - Ж 
4.0 - : ж. ; 5 
Б.О 10 11 12 14 1Ё 
8.0 18 18 18 ІН 17 

$ кВ ad - > 5 : : 
49 | - - 45 287 
9.0 14 18 18 17 16 
вй 18 18 18 ТЕ 18 


Nota: Tie maximum beam spacing listadin tre above 18018 is 18 inches. This is to preclude їүл ће" 
design Рог гаа! material placed over the stringers 10 huld the earth cover. A maximum ӘРІ Inch wood o 
piyeeood should ре used over stringe s Lo supp Lilie earth cover "ог 62- тип Bursts; 2 inches sould 
bu дэн: fcr 120 mm, 122 mm, and ^ BZ-mam Cursets. 


Delay Fuse Burst 


Delay fuse shells are designed to detonate after penetration. 
Protection provided by over-head cover is dependent on the 
amount of cover remaining between the structure and the shell at 
the time of detonation. To defeat penetration of the shell, and 
thus cause it to detonate with a sufficient cover between it and 
the structure, materials are added on top of the overhead cover. 


If this type of cover is used along with contact. burst 
protection, the additional materials (such as rock or concrete) 
are added in with the soil unit weight when designing the 
contact burst cover structure. 


TRIGGERING SCREENS 


Triggering screens are separately built or added on to existing 
structures used to activate the fuse of an incoming shell at a 
"standoff' distance from the structure. The screen initiates 
detonation at a distance where only fragments reach the 
structure. A variety of materials are usually used to detonate 
both super-quick fuzed shells and delay fuse shells up to and 
including 130 mm. Super-quick shell detonation requires only 
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enough material to activate the fuse. 


Delay shells require more 


material to both limit penetration and activate the fuse. 


Typical standoff framing is shown below. 


Typical standoff framing with dimensioned wood triggering screen 
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position. 


The second table below lists required thicknesses for 


various materials to defeat fragments if the triggering screen 
is 10 feet from the structure. 
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Trissering Screen Facing Material Requiremenk: 


Maternal Trig daring Б oguromiuntc™ 
Plywood, cineri аан 1 trier 214 -in thickness 


Soil in sandbags with phreiond er 14421 lacing d-in gh ekness (24-gage cheat metal, 


шнш ген] шїк! ЕР ugale rela] A -in Ра САПЕ 

Tree limbs l-in ciameta 
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Triggering Screen Ы alerial Thickness, in Inches, Required № 
Deel Fragmenis at a 10-Ғын ood 


Іп тігінінің Shell Sine 


М aterial EZ mm 120mm 122 mm 
Sall то 18 18 
Soil, aren а З 9 
Sand a 18 15 
Chay 10 18 1a 
Eran ог ur aded mel al] Ys 1 1 
Wond (irr h 14 +4 
Cork геге 2 2 3 
SIN! вы gi Ba 


Defeating Delay Fuzes 


Delay fuzes are defeated by various thicknesses of protective 
material. The table below lists type and thickness of materials 
required to defeat penetration of delay fuse shells and cause 
their premature detonation. These materials are usually added to 
positions designed for contact burst protection. One method to 
defeat penetration and ensure premature shell detonation is to 
use layers of large stones. The figure below shows this added 
delay fuse protection on top of the contact burst protection 
designed in appendix B. The rocks are placed in at least three 
layers on top of the required depth of cover for the expected 
shell size. The rock size is approximately twice the caliber of 
the expected shell. For example, the rock size required to 
defeat 82-mm mortar shell penetration is 2 x 82 mm - 164 mm (or 
6% inches). 
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ui red Thickness, in Inches, of Protective Material to 
Et Penetration of Different fhelk (Deby Ките} 
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In some cases, chain link fences also provide some standoff 
protection when visibility is necessary in front of the standoff 
and when positioned as shown. However, the fuse of some incoming 
shells may pass through the fence without initiating the firing 
mechanism. 


SHELTERS AND BUNKERS 


Protective shelters and fighting bunkers are usually constructed 
using a combination of the components of positions mentioned 
thus far. Protective shelters are primarily used as- 


• Command posts. 

е Observation posts. 

e Medical aid stations. 

e Supply and ammunition shelters. 
e Sleeping or resting shelters. 
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Protective shelters are usually constructed aboveground, using 
cavity wall revetments and earth-covered roof structures, or 


they are below ground using sections that are airtransportable. 


Fighting bunkers are enlarged fighting positions designed for 
squad-size units or larger. They are built either aboveground or 
below ground and are usually made of concrete. However, some are 


prefabricated and transported forward to the battle area by 
trucks or air. 


If shelters and bunkers are properly constructed with 
appropriate collective protection equipment, they can serve as 
protection against chemical and biological agents. 
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CONSTRUCTION METHODS 
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For individual and crew-served weapons fighting 

and protective position construction, hand tools 

are available. The individual soldier carries an Retaining wall ravatment 
entrenching tool and has access to picks, shovels, 

machetes, and hand carpentry tools for use in 

individual excavation and vertical construction унаад саа сай, 
work. Нал дегу 


Earthmoving equipment and 
explosives are used for excavating 
protective positions for vehicles Ж 
and supplies. Earthmoving —À tá S 
equipment, including backhoes, SECTION — 
bulldozers, and bucket loaders, 

are usually used for larger or 

more rapid excavation when the 

situation permits. Usually, these 

machines cannot dig out the exact Joints broken 
shape desired or dig the amount of 
earth necessary. The excavation is 
usually then completed by hand. 
Descriptions and capabilities of 
US survivability equipment are 


ELEY ATION 


given in appendix A. қалшы 
Methods of construction include 

sandbagging, explosive excavation, 

and excavation revetments. Streichera and headers 


SANDBAGGING 


Walls of fighting and protective 
positions are built of sandbags in 
much the same way bricks are used. li 

Sandbags are also useful for РЕЗКОМ EEN 
retaining wall revetments as shown 

on the right. 


-— ua = 


The sandbag is made of an acrylic fabric and is rot and weather 
resistant. Under all climatic conditions, the bag has a life of 
at least 2 years with no visible deterioration. (Some older- 
style cotton bags deteriorate much sooner.) The useful life of 
sandbags is prolonged by filling them with a mixture of dry 
earth and portland cement, normally in the ratio of 1 part of 
cement to 10 parts of dry earth. The cement sets as the bags 
take on moisture. A 1:6 ratio is used for sand-gravel mixtures. 
As an alternative, filled bags are dipped in a cement-water 


3-32 


EM 5-103 


slurry. Each sandbag is then pounded with a flat object, such as 
a 2 by 4, to make the retaining wall more stable. 


As a rule, sandbags are used for revetting walls or repairing 
trenches when the soil is very loose and requires a retaining 
wall. A sandbag revetment will not stand with a vertical face. 
The face must have a slope of 1:4, and lean against the earth it 
is to hold in place. The base for the revetment must stand on 
firm ground and dug at a slope of 4:1. 


The following steps are used to construct a Expadignt funnel for filling sandbags 
sandbag revetment wall such as the one shown. 


e The bags are filled about 
three-fourths full with 
earth or a dry soil-cement 
mixture and the choke 
cords are tied. 

e The bottom corners of the 
bags are tucked in after 
filling. 

e The bottom row of the 
revetment is constructed 
by placing all bags as 
headers. The wall is built 
using alternate rows of 
stretchers and headers 
with the joints broken 
between courses. The top 
row of the revetment wall 
consists of headers. 

е Sandbags are positioned so 
that the planes between 
the layers have the same 
pitch as the base-at right 
angles to the slope of the 
revetment. 

• All bags are placed so 
that side seams on 
stretchers and choked ends 
on headers are turned 
toward the revetted face. 

• As the revetment is built, 
it is backfilled to shape 
the revetted face to this 
slope. 
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Often, the requirement for filled sandbags far exceeds the 
capabilities of soldiers using only shovels. If the bags are 
filled from a stockpile, the job is performed easier and faster 
by using a lumber or steel funnel as shown on the right. 


EXPLOSIVE EXCAVATION 


Explosive excavation is done by placing charges in boreholes in 
a particular pattern designed to excavate a certain dimensioned 
hole. Boreholes are dug to a depth two thirds that of desired 
excavation. The holes are spaced no farther apart than twice 
their depth, and no closer to the desired perimeter than the 
depth of the borehole. 


The boreholes are dug with posthole diggers, hand augers, or 
with 15-or 40-pound shaped charges. The holes are backfilled and 
tamped. Borehole sizes made with shaped charges are listed in 
the first table below. Boreholes made with shaped charges may 
need additional digging or partial filling and tamping to 
achieve a desired depth. When setting explosives, the charges 
are placed in the borehole with two thirds of the charge at the 
bottom and one third halfway down. The charges are then tamped. 
The second table below lists the pounds of explosive needed in a 
sandy clay soil per depth of borehole. 


Averages Пегеһсіз Sizes Mlade by Shaped Charges 


М ainrial Distanra. іп Depth, tt ` Diamater, in Сарић ` Diernpter, in 
501: degp-pached snow 37 7 7 - | 

40 x | 7 14 
Frozen фита 30 & a 4 ? 

50 i - 6 7 
Ire 42 7 4 12 


Amoun of Explosive Recuircd for Blasting Ставго 


Amount of Expiasiva Aequired rar Бітті Carers 
Depth of Зогойснө. ft Pounds of Explosmve 
2 3. 
3 
4 8 
h 13 


Because soil type and explosive effectiveness vary, the quantity 
of explosive required may differ slightly from the amounts given 
in the previous table. A test hole is detonated to check the 
accuracy of the table in the specific soil condition. After 
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tamping and detonating the charges, the loose earth is removed 
and the position is shaped as desired. 


Rectangular Positions 


Borehole and charge location in rectangular position excavation 
shown below in the diagram is as follows: 


e The outline of position is marked on the ground. 

e Holes are located a borehole's depth inward from each of 
the four corners. 

• Additional holes are spaced along both sides at distances 
not exceeding two times the depth of the boreholes. 

• Inner rows are spaced equal distance from the outer rows at 
distances not exceeding two times the borehole depth. 

e Each row is staggered with respect to adjacent rows. 

• The calculated charge weight is doubled in all holes in 
interior rows. 


Boreholes for rectangular positions 


L = Length 
т Yridih 
E ° Distance batween holes i1 row 
2% borahola depth 
H = Distance риб riera 
+ Жк burphaly dealh 


Information concerning the calculation of charge weights and the 
use Of prime cord or blasting caps is contained in FM 5-34 and 
FM 5-25. 


To create ramps for positions in relatively flat terrain using 
explosives, the lower portion is excavated as a rectangular 
position, as shown, and the upper end is excavated by hand. 
Charges are not placed closer than the borehole depth from the 
desired edge, and not farther than twice the borehole depth 
apart. Portions of the position less than 2 feet deep are 
usually excavated by hand. 
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Circular Positions 
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Circular positions are prepared with a circular 
arrangement of boreholes surrounding a 
borehole at the center of the position. Several 
concentric rings of holes are needed for large 
positions, and one ring or only one charge for 


small positions. The charge layout shown on the 


right is as follows: 


• The radius of the desired 
circular position is 
determined. 

e The borehole depth is 
subtracted from the radius 
and a circle is inscribed 
on the ground with the new 
radius length. 

e The new radius length is 
divided by twice the 
borehole depth to determine 
the number of rings within 
the position. 

e Each additional ring is 
positioned at equal 
distances between the outer 
ring and the center of the 
position. 

e Вогеһо1еѕ are spaced equal 
distance along each ring. 
Each hole should not exceed 
twice the borehole depth 
from another hole on the 
ring. 

e The charge weight is 
doubled in all holes in the 
interior rings. 


When the position diameter does 
not exceed twice the borehole 
depth, a single charge placed at 
the center of the position is 
enough. When the position 
diameter is between two and four 
times the borehole depth, space 
three holes equal distance 
around the ring and omit the 
center hole. 
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Boreholes for circular positions 
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Positions in Frozen Soil 
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In frozen soil, blasting requires about 1.5 to 2 times the 
number of boreholes and larger charges than those calculated for 
moderate climates. To determine the number of bore-holes needed, 
testing is performed before extensive excavation is attempted. 
For frozen soil, hole depth (d) should equal required depth of 
excavation. The required charge weight (м) 1$ м = 0.06 d 3 
pounds, where (d) is in feet. 


Positions in Rocky Soil 


Boulders and rocks are removed by using blasting methods 
described in FM 5-25 or FM 5-34.These manuals also described 
similar activities for stump and tree root removal. 


EXCAVATION REVETMENTS 


Excavations in soil may require revetment to prevent side walls 
from collapsing. Several methods of excavation revetments are 
usually used to prevent wall collapse. 


Wall Sloping 


The need for revetment is sometimes avoided or postponed by 
sloping the walls of the excavation. In most soils, a slope of 
1:3 or 1:4 is sufficient. This method is used temporarily if the 
soil is loose and no revetting materials are available. The 
ratio of 1:3, for example, will determine the slope by moving 1 
foot horizontally for each 3 feet vertically. When wall sloping 
is used, the walls are first dug vertically and then sloped. 


Facing Revetments 


Facing revetments serve mainly to protect revetted surfaces from 
the effects of weather and occupation. It is used when soils are 
stable enough to sustain their own weight. This revetment 
consists of the revetting or facing material and the supports 
which hold the revetting material in place. The facing material 
is usually much thinner than that used in a retaining wall. 
Facing revetments are preferable to wall sloping since less 
excavation is required. The top of the facing is set below 
ground level. The facing is constructed of brushwood hurdles, 
continuous brush, poles, corrugated metal, plywood, or burlap 
and chicken wire. The following paragraphs describe the method 
of constructing each type. 


Brushwood Hurdle. A brushwood hurdle is a woven revetment unit 
usually 6% feet long and as high as the revetted wall. Pieces of 
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brushwood about 1 inch in diameter are weaved on a framework of 
sharpened pickets driven into the ground at 20-inch intervals. 
When completed, the 6 %-foot lengths are carried to the position 
where the pickets are driven in place. The tops of the pickets 
are tied back to stakes or holdfasts and the ends of the hurdles 
are wired together. 


Booth mod book 


Continuous Brush. A continuous brush revetment is constructed in 
place. Sharpened pickets 3 inches in diameter are driven into 
the bottom of the trench at 30-inch intervals and about 4 inches 
from the revetted earth face. The space behind the pickets is 
packed with small, straight brushwood laid horizontally. The 
tops of the pickets are anchored to stakes or holdfasts. 
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Contmuous brush revetment 


Earth face 


А ррголитаи и | у 
4in 


Pole. A pole revetment is similar to the continuous brush 
revetment except that a layer of small horizontal round poles, 
cut to the length of the revetted wall, is used instead of 
brushwood. If available, boards or planks are used instead of 


poles because of quick installation. Pickets are held in place 
by holdfasts or struts. 
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Poke revetment 
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Corrugated Metal Sheets or Plywood. A revetment of corrugated 
metal sheets or plywood is usually installed rapidly and is 
strong and durable. It is well adapted to position construction 
because the edges and ends of sheets or planks are lapped, as 
required, to produce a revetment of a given height and length. 
All metal surfaces are smeared with mud to reduce possible 
reflection of thermal radiation and aid in camouflage. Burlap 
and chicken wire revetments are similar to revetments made from 
corrugated metal sheets or plywood. However, burlap and chicken 
wire does not have the strength or durability of plywood or 
sheet metal in supporting soil. 


Types o£ metal осле сга 


Corrugated matal sheets Budan and chicken wira 
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The revetment facing is usually supported by timber frames or 
pickets. Frames of dimensioned timber are constructed to fit the 
bottom and sides of the position and hold the facing material 


apart over the excavated width. 


Facing revetment supported 
by tim ber frames 
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METHOD OF PLACING STAKES 
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Facing revetment supported 
hy pickets 
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METHOD ОР ANCHORING РЕСКЕТЬ 


Pickets are driven into the ground on the position side of the 
facing material. The pickets are held tightly against the facing 
by bracing them apart across the width of the position. The size 
of pickets required and their spacing are determined by the soil 
and type of facing material used. Wooden pickets smaller than 3 
inches in diameter are not used. The maximum spacing between 
pickets is about 6% feet. The standard pickets used to support 
barbed wire entanglements are excellent for use in revetting. 
Pickets are driven at least 1% feet into the floor of the 
position. Where the tops of the pickets are anchored, an anchor 
stake or holdfast is driveninto the top of the bank and tied to 
the top of the picket. The distance between the anchor stake and 
the facing is at least equal to the height of the revetted face, 
with alternate anchors staggered and at least 2 feet farther 
back. Several strands of wire holding the pickets against the 
emplacement walls are placed straight and taut. A groove or 
channel is cut in the parapet to pass the wire through. 


SPECIAL CONSTRUCTION CONSIDERATIONS 
CAMOUFLAGE AND CONCEALMENT 


The easiest and most efficient method of preventing the 


targeting and destruction of a position or shelter is use of 
proper camouflage and concealment techniques. Major 
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considerations for camouflage use are discussed in appendix D. 
Following are some general guidelines for position construction. 


Natural concealment and good camouflage materials are used. When 
construction of a positions begins, natural materials such as 
vegetation, rotting leaves, scrub brush, and snow are preserved 
for use as camouflage when construction is completed. If 
explosive excavation is used, the large area of earth spray 
created by detonation is camouflaged or removed by first placing 
tarpaulins or scrap canvas on the ground prior to charge 
detonation. Also, heavy equipment tracks and impressions are 
disguised upon completion of construction. 


Fields of fire are not overcleared. In fighting position 
construction, clearing of fields of fire is an important 
activity for effective engagement of the enemy. Excessive 
clearing is prevented in order to reduce early enemy acquisition 
of the position. Procedures for clearing allow for only as much 
terrain modification as is needed for enemy acquisition and 
engagement. 


Concealment from aircraft is provided. Consideration is usually 
given to observation from the air. Action is taken to camouflage 
position interiors or roofs with fresh natural materials, thus 
preventing contrast with the surroundings. 


During construction, the position is evaluated from the enemy 
side. By far, the most effective means of evaluating concealment 
and camouflage is to check it from a suspected enemy avenue of 
approach. 


DRAINAGE 


Positions and shelters are designed to take advantage of the 
natural drainage pattern of the ground. They are constructed to 
provide for- 


e Exclusion of surface runoff. 

е Disposal of direct rainfall or seepage. 

• Bypassing or rerouting natural drainage channels if they 
are intersected by the position. 


In addition to using materials that are durable and resistant to 
weathering and rot, positions are protected from damage due to 
surface runoff and direct rainfall, and are repaired quickly 
when erosion begins. Proper position siting can lessen the 
problem of surface water runoff. Surface water is excluded by 
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excavating intercepted ditches uphill from a position or 
shelter. Preventing water from flowing into the excavation is 
easier than removing it. Positions are located to direct the 
runoff water into natural drainage lines. Water within a 
position or shelter is carried to central points by constructing 
longitudinal slopes in the bottom of the excavation. A very 
gradual slope of 1 percent is desirable. 

MAINTENANCE 


If water is allowed to stand in the bottom of an excavation, the 
position is eventually undermined and becomes useless. Sumps and 
drains are kept clean of silt and refuse. Parapets around 
positions are kept clear and wide enough to prevent parapet soil 
from falling into the excavation. When wire and pickets are used 
to support revetment material, the pickets may become loose, 
especially after rain. Improvised braces are wedged across the 
excavation, at or near floor level, between two opposite 
pickets. Anchor wires are tightened by further twisting. Anchor 
pickets are driven in farther to hold tightened wires. Periodic 
inspections of sandbags are made. 


REPAIRS 


If the walls are crumbling in at the top of an excavation 
(ground level), soil is cut out where it is crumbling (or until 
firm soil is reached). Sandbags or sod blocks are used to build 
up the damaged area. If excavation walls are wearing away at the 
floor level, a plank is placed on its edge or the brushwood is 
shifted down. The plank is held against the excavation wall with 
short pickets driven into the floor. If planks are used on both 
sides of the excavation, a wedge is placed between the planks 
and earth is placed in the back of the planks. If an entire wall 
appears ready to collapse, the excavation is completely 
revetted. 


Excavation repair 


DAMACE АТ GROUND LEVEL 
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Before repair After rapair 


DAMAGE NEAR FLOOR LEVEL 
SECURITY 


In almost all instances, fighting and protective positions are 
prepared by teams of at least two personnel. During 
construction, adequate frontal and perimeter protection and 
observation are necessary. Additional units are sometimes 
required to secure an area during position construction. Unit 
personnel can also take turns with excavating and providing 
security. 
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DESIGNING POSITIONS 
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BASIC DESIGN REQUIREMENTS 
WEAPON EMPLOYMENT 


While it is desirable for a fighting position to give maximum protection to personnel and 


equipment, primary consideration is always given to effective weapon use. In offensive combat 


operations, weapons are sited wherever natural or existing positions are available, or where 


weapon emplacement is made with minimal digging. 


COVER 


Positions are designed to defeat an anticipated threat. Protection against direct and indirect fire is 
of primary concern for position design. However, the effects of nuclear and chemical attack are 
taken into consideration if their use is suspected. Protection design for one type of enemy fire is 
not necessarily effective against another. The following three types of cover-frontal, overhead, 


and flank and rear-will have a direct bearing on designing and constructing positions. 


Frontal 
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Frontal cover provides protection from small caliber direct 

fire. Natural frontal protection such as large trees, rocks, logs, and rubble is best because 
enemy detection of fighting positions becomes difficult. However, if natural frontal protection is 
not adequate for proper protection, dirt excavated from the position (hole) is used. Frontal cover 
requires the position to have the correct length so that soldiers have adequate room; the correct 
dirt thickness (3 feet) to stop enemy small caliber fire; the correct height for overhead protection; 
and, for soldiers firing to the oblique, the correct frontal distance for elbow rests and sector 
stakes. Protection from larger direct fire weapons (for example, tank guns) is achieved by 
locating the position where the enemy cannot engage it, and concealing it so pinpoint location is 
not possible. Almost twice as many soldiers are killed or wounded by small caliber fire when 
their positions do not have frontal cover. 


Overhead 


Overhead cover provides protection from indirect fire 
fragmentation. When possible, overhead cover is always constructed to enhance 
protection against airburst artillery shells. Overhead cover is necessary because soldiers are at 
least ten times more protected from indirect fire if they are in a hole with overhead cover. 


Flank and Rear 


Flank and rear cover ensures complete protection for fighting 
position. Flank and rear cover protects soldiers against the effects of indirect fire bursts to 
the flanks or rear of the position, and the effects of friendly weapons located in the rear (for 
example, packing from discarded sabot rounds fired from tanks). Ideally, this protection is 
provided by natural cover. In its absence, a parapet is constructed as time and circumstances 
permit. 


SIMPLICITY AND ECONOMY 


The position is usually uncomplicated and strong, requires as little digging as possible, and is 
constructed of immediately-available materials. 


INGENUITY 


A high degree of imagination is essential to assure the best use of available materials. Many 
different materials existing on the battlefield and prefabricated materials found in industrial and 
urban areas can be used for position construction. 


PROGRESSIVE DEVELOPMENT 


Positions should allow for progressive development to insure flexibility, security, and protection 
in depth. Hasty positions are continuously improved into deliberate positions to provide 
maximum protection from enemy fire. Trenches or tunnels connecting fighting positions give 
ultimate flexibility in fighting from a battle position or strongpoint. Grenade sumps are usually 
dug at the bottom of a position's front wall where water collects. The sump is about 3 feet long, 
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1^ foot wide, and dug at a 30-degree angle. The slant of the floor channels excess water and 
grenades into the sump. In larger positions, separate drainage sumps or water drains are 
constructed to reduce the amount of water collecting at the bottom of the position. 


CAMOUFLAGE AND CONCEALMENT 


Camouflage and concealment activities are continual during position siting preparation. If the 
enemy cannot locate a fighting position, then the position offers friendly forces the advantage of 
firing first before being detected. Appendix D of this manual contains additional information on 
camouflage. 


INDIVIDUAL FIGHTING POSITIONS 


The table below summarizes the hasty and deliberate individual fighting positions and provides 
time estimates, equipment requirements, and protection factors. 


Characterbtics of Individual Fighting Positions 
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HASTY POSITIONS 


When time and materials are limited, troops in contact with the enemy use a hasty fighting 
position located behind whatever cover is available. It should provide frontal protection from 
direct fire while allowing fire to the front and oblique. For protection from indirect fire, a hasty 
fighting position is located in a depression or hole at least | % feet deep. The following positions 
provide limited protection and are used when there is little or no natural cover. If the unit 
remains in the area, the hasty positions are further developed into deliberate positions which 
provide as much protection as possible. 
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Prone postion |hasty| 
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DELIBERATE POSITIONS 


Deliberate fighting positions are modified hasty positions prepared during periods of relaxed 
enemy pressure. If the situation permits, the unit leader verifies the sectors of observation before 
preparing each position. Continued improvements are made to strengthen the position during the 
period of occupation. Small holes are dug for automatic rifle bipod legs so the rifle is as close to 
ground level as possible. Improvements include adding overhead cover, digging trenches to 
adjacent positions, and maintaining camouflage. 
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gunnar ateady ihe weapon 
and gain accuracy. Stability i5 
batter it the ципгїйг 5 body is 
leaning agalngt the position’. 
Tea ni nr sida wall. 


CREW-SERVED WEAPONS FIGHTING POSITIONS 


The table below summarizes crew-served weapons fighting positions and provides time 
estimates, equipment requirements, and protection factors. 


Mortar postion 


4 fighting perition for a 
mortar ig н circular shaped 
hela. The рок топ із dug to a 
dapth Біт to shield tha 
WB PON and crew, Yet not 
кы Lines ттм” 
operation. Ап ammunition- 
ready rack or niche ig 
Eomntimgs built into the aida 
af the posl den Fer the 
gunnasr' s cormvaniance. Tha 
ttm of tha ammunition 
rack ia аатай frcr the 
poaitinn's floor. Аз аг 
ready rack гв: truce in 
una зїйн OF the trench leading 
ta tha равнн. Варга ла 
Perapat lû built. the mortar ic 
lind For diraciión û1 fire Бү 
ТІЛІ an агита слоге oi 
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owe iL іг limited to 
20 inches high and 3 feet 


wide. An axt trench is 


рға ч haltora and otha: 
Totter pocibons. 


Characteristics of Crew-Servend Waapans Fighting Pos Hass 
Есіешіні Пас Гв 
па и аи Ше ШЧ Н flrs Blasi акш 
Туре ol Wme | Equipment | 81:55 amd Егзажрлий л.) Рраџљепсален — ҒАНЫ 
Ре ілі  Iman-hourg] Мынаған! баны Fire |New Мяг ІШгв rt! Мерни "" 
Ure gen +: ran] 1045 Wri Mec Marty ce cost Mane Fair 
ТЕТЕ Їлан ҖЕ uu ever ieu 
Ес an 
Darin, її 1:0 Hard xs iz Ini Mui, ~ а аге nc acne Мапе Fair 
TOW pos ил 20 ЈЕ · ар overesd 
ren енін 
Чї АСЕР Ел Hand һе. 127 ми ° Mudiwrsorlillbre mi darer Hone: ка 
релін! Hz Xp тайт" 
ргојесћоћ 
Месе цай 10 Hanc іші: lz.'wr МЕН wiley uu duse қуы ғар 
Ші cian “Би PMI лаг 
uen Tarn 
Иң; ную шил len Hang Іш; ter Мер пн actelery нэ 0511 теге Good 
Duns that Е | 
with ЕЛ 
НЕ 
сачг 
Mgr tyr il yand тйл ЙІ ШІ Мей Al ble у do Сог Hunc Tuir 
parri ran 30 1E - ло overhead 
[к ад cn 
„аш рме и КНН because ol Ша а ДИС св waski арч, ага эш 
+ ЕТ ШЕ пе Amal Мейит 
Morar Alan 12018 


ark [ery 176mm 


152 ти: 


ж Andean aren най ijs are “ahe poor, dair good very porc. and aszesari. 
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Dragon position 


The Dragon is also fired fro rr 
preinausl-deacri bad 
рояполь Бормио. some 
changes ars nscessary. The 
xoldiur musi иог er the 
Dragon's extensive backhlas: 
and гәшлгів blatt, se wall na. 
ckarad Яо of firs. When a 
Dragon i fired. tha muzzle 
und extends В inzhas beyond 
the ironi nf ihe position, and 
the г#йг of tha launcher 
axtenda oof over the rear 01 
le Pie, Ан La eile 
Ipaves tha launcher, 
stabilizing tint unfold. 
Thearstors, thé solder keeps 
thé weapon at hadt G inches 
abawa the ground whan firing 
to lave roam for іле firs, А 


waiét-deap position will glow 
the gunner то move whika 
tracking а target. Elecauna of 
the Dragon gunner's 
aboregrouny height, оны 
+ћрша construct frontal cower 
high &rmugh te hide the 
soldier's haad and. if posite, 
the Dragon's hackHast. The 
өсін must dg a Pole ia 
froni of the nagitian Tor tha 
Брод tage. 11 cover Is bull on 
the flanks of a Dragon 
Бино, iL amet cove the 
tracker, missilas, and the 
gunner. Overhead cower ihat 
would allav firing irom 
beneath it із usually built if 
the backblast ares ін clear. 


Diar raunted TOW position 


А Ноћ пд position for tha 
disrauntaed tube launched. 
nplically tacked, wire griced 
(TOW) missile muat nat 

mrt rere with the лыт xi 
tracking operations o tha 
weapon, Ая with the Jramnn. 
alic wancar for backbipst 
Beis ага nBcessary. 
Backblast aod daflactan 
raquieamuante расли, tho за 
of overhesd cover forthe 
Map. BA, її оматела 
cower is сети, it should 
putei any THe Crew үү нг. |1 
la тен engaged in & firng 
ореге а. The position in 
excavabad ro a comfotable 
deépih for a kneeling fring 
ров ге. Wen хое arb 
not fing іле TOW, the 

алан Гыз Эр mar log ig moved 
back, affaetlvaly reducing 

Bx Ue of the weapon- 
ІЗДІ niairbars ihon anter 
Their гот ук hulas within 
the poanlan. 


Касова rifle position [30 mm) 


Poal ona Тэг thn 31-mm 
тасо ааа rifle {ACL A] are 
huilt ika Magan pouiicng. 
SINGA two toldigrs operate 
this weapon, howewer tha 
egg IE made а іма logar do 
parc firing fram the tight 
кілі ef tho frontal covar, The 
Axira space рок ап iha 


aşpistant £o the пуне ade of 
Ше ALLE. 
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T. ev _ ____ алланы or ngu g 


x a 


— — 


Ks 
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Machine gun position 


Fightirg positions for ur. ' Я — „аи | тт 
machine qune ara congtructed л ЈЕ Tu d ч г 

за the qun hres to the fron or 
oblique. However, the primary 
factor of fira is usually 

oblique so the gun pan fire 
serosa the Lnit' 6 front. Two " 

spl dinre аге required ta keep ——. : 
Шъ нин Тігіп g. Thesu, thu 
hole іввһарна ка both АЖ 
soldier: {gunner and вратиле. : 
gunner] сап get to the gun 
end fira iE (c oither side of Мэй 
frontal protection, The gun's 
haight i5 reduced by digging 
the tripod patfonn down as 
much as possible. However, 
the platform is dug to heey 
the gun transverse ble across 
the emilre sector of fire. The 
ipod is usad on ihe side with 


the primary sector OF lira, and When thera ie a ІҺғна-зғы diar ammunition bearers position 
the bipad lags are used on tha crawv tor a machine gun, the is conmectad to thé gun 

Side with tha sacandary ammunitión bearer dige а ang- postion by а crawl tranch xa 
tector. When changing trom séldiartighting position tothe thea bearer can transpori 
primary іп 2condary sectors. flank, From this position, the a munition of rapaces ang of 
the machine gun is mowed but soldier can sac nnd shoot із the gunnars. 

the tripod stays ii place. the froti and abirque. The 


Machina gun pesitien with overhead çaya ——— —— 


Overhead cover far a machine 
gun positior is Built ovar ihe 
middie of the position Cover 
19 Constructed ик дазсп пе 
for tha one-saoldier fighting 
position wit) averhead corar. 


This section contains designs for fighting and protective positions for major weapons systems 
vehicles and their support equipment. Initially, vehicles use the natural cover and concealment in 
hide positions to increase survivability. As time, assets, and situation permit, positions are 
prepared using organic excavation equipment or engineer support. Priority is given to those 
vehicles containing essential mission-oriented equipment or supplies. Drivers and crews should 
use these fighting positions for individual protection also. 


Parapets positioned at the front of or around major weapons systems will provide improved 


protection from direct fire and from blast and fragments of indirect fire artillery, mortar, and 
rocket shells. At its base, the parapet has a thickness of at least 8 feet. Further, the parapet 
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functions as a standoff barrier for impact-detonating direct fire HEAT and ATGM projectiles. 
The parapet should cause the fuzes to activate, thereby increasing survivability for the protected 
vehicles. If the expected enemy uses kinetic energy direct fire armor piercing or hypervelocity 
projectiles, it is impossible to construct parapets thick enough for protection. To protect against 
these projectiles, deep-cut, hull defilade, or turret defilade positions are prepared. The 
dimensions for fighting and protective positions for essential vehicles are constructed no larger 


than operationally necessary. 


FIGHTING POSITIONS 


Success on the battlefield requires maneuver among fighting positions between main gun firings. 
Maximum use of wadis, reversed slope hills, and natural concealment is required to conceal 
fighting vehicles maneuvering among fighting positions. After a major weapon system fires its 
main gun, the vehicle and gun usually must maneuver concealed to another position before firing 
again. If the major weapon system immediately reappears in the old position, the enemy will 
know where to fire their next round. The table summarizes dimensions of the hasty and 
deliberate vehicle positions discussed in the following paragraphs. Construction planning factors 
for vehicle fighting positions are shown in the table. 


ГА тла of Velo Pesan 


Equipmest Minimum Parapet 
Vel clo Тура Роком Dimension, ЈЕ 7 lioet Тело "i 
Length Width ред "° 07 Qozer/ МВ ACI Вава, ft 

HASTY] 
М111 senes carrier 4 29 Е 3 СЕ Е 
Moa? command pos! wehe- 12 E 1 ав Б 
M irá are МІЗ5 mortar 

ЇЕПЁГ M H T 47 Е 
DEL BERATE {Hull Defilada) 
МІЗ seres carrer? 1 4 Б 28 
MAL} prove: KIW velc e 2 d T 2.8 
МЕТ? command post vakirlr H a ћ 14 
МГБ and 1175 rrrrtar 

CHIEF 22 IÈ T 17 
Mz and M3 114110 већа eb І Ї 14 
М1 nain battle Fan :2 ЈЕ A, 14 
Mac зеп:5 man паше tanh MI 14 & 13 
МАЕ хөрс balle "a 1k 20 14 Ё 33 


DEL BERATE [Access Route) 
Басі access "ebte бејтезг рерге ог ada ба] 385 m JSt have Ae seme wid] as іча hull ДЕ! 48. Clesrrg times are реги aig | 5-31 
Pracuction tim 15 dete rm ned зу cak elat ng the wan med ЭЛ i genit с ce moved (7 zb с pa S| err dnidingog Lig bans zum yards pos Ал hear 


DEL BERATE (Hide .ocation) 

Pid асат 0156 аге FALÊ uet mra Euri Terrain and сетова таш, епу c ва пп Times are planen wir 118 wag n FM 5-34 Тиз rmm uri width ol 114 
hida: кри on p dre ime: ag dte de ї нг hyll delliladz, The Fide pasan Шерін rega rr! a сай С] by “гааг Ізін eer pin 
deliberate turret da'ilada postion Ev 15 міні. 


BEL BERATE [Turret Defilace, 


11113 seri: carrier * га ја iP 1 
MB] mproved 10W vehicle 22 М t n3 
Ма ans Md fighting vehicle 16 lä if 2 
ML nein aatlle tank 218 18 t 21 
MEQ series mein Belle raih 10 18 If “a 
MAA sere Lala [ат a lk | 2З 
Ном: 


1, ғ өніп tor Їйл, F's. and ІТ nob reccnmerrler 
7. Рек! rn dimenzians przvize 2n sgprriiriate 3 inet clezranre агашы манін рг г БиВГЕГ end ПИСЕ Паг GE anc da W1 11:18 accera ramps), 


3. икс» M132 ат цусыг ced MV миса 


4. mal ыси пойзй any parapat ie БИ 
5 Pag? рг ra132 ог] 20 таг шыг yas дег, Бли је, Die шла. 2021 t yp SS Ir iac a7 nard seil, 2 ant cod lions, ar g asar Patch 


x рагах ШЕ Uze ol riatural LE та Їнэ ШИН vw f recur ОУ МОИ YI ЕТТЕ 
Б Al ере are арлглалглайн жи! м ров 2li ОИ ТАР ааг ий erar ат аг 105 17 Fire 
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Hasty Positions 


Hasty fighting positions for combat vehicles including armored personnel carriers (APCs), 
combat engineering vehicles (CEVs), and mortar carriers take advantage of natural terrain 
features or are prepared with a minimum of construction effort. A frontal parapet, as high as 
practical without interfering with the vehicles' weapon systems, shields from frontal attack and 
provides limited concealment if properly camouflaged. Protection is improved if the position is 
made deeper and the parapet extended around the vehicle's sides. Because of the false sense of 
security provided by parapets against kinetic energy and hypervelocity projectiles, hasty vehicle 
fighting positions with parapets are not recommended for tanks, infantry fighting vehicles 
(IFVs), and improved TOW vehicles (TT Vs). Hasty fighting positions do offer protection from 
HEAT projectiles and provide limited concealment if properly camouflaged. As the tactical 
situation permits, hasty positions are improved to deliberate positions. 


Deliberate Positions 


Deliberate fighting positions are required to protect a vehicle from kinetic energy hypervelocity 
projectiles. The position is constructed in four parts: hull defilade, concealed access ramp or 
route, hide location, and turret defilade. Positions formed by natural terrain are best because of 
easy modification; however, if preparation is necessary, extensive engineer support is required. 
Each position is camouflaged with either natural vegetation or a camouflage net, and the spoil is 
flattened out or hauled away. All fighting positions for fighting vehicles (tanks, IFVs, ITVs) 
are planned as deliberate positions. Since the lack of time usually does not allow the full 
construction of a deliberate position, then only some parts of the position's construction are 
prepared. For example, the complete fighting position for a tank requires the construction of a 
hull defilade, turret defilade, concealed access ramp or route, and hide location all within the 
same fighting position. The maneuver team commander uses organic and engineer earthmoving 
assets and usually constructs fighting position parts in the following order: 


e Hull де аде. 

е Concealed access ramp or route. 
• Hide location. 

e Turret defilade. 


4-14 


EM 5-103 


Developing deliberata fighting ров тона 


Digging hida locations and First 
crnceasd mutas dott : 
fighting positions із nar пива 
practical dua to the lack af 
arginaer aggata and tim ae. 
Епа лег 3435873 а required 
urdig Eig ПГ аад barre 
defilady ретаз тих, The 
ramps and ги попа Реј retas 
should aguirre only parcial 
clearing and ама по with 
blade tanks ar engineer 
equipmant Баня natural 
rung пи | У routes and h ds 
lucations are used. ЇЇ tima 
permits, tha commander has 
tha praceding fighting 
poritinn axpandard inta в 
ІНШІ pashon wth 8 | Tour 
рав ве shown, including a 
hide and tur rat dafilada 

ега от, The access ramp 
from іне hide la ceki nı to the 
hull defilaca position џеша у Thén 
provides turret dafilada far а 

vahiyle at yame pei гый ЛЭ the 

ramp. This ideation ig m arhed 

with nnginaar taph anri п 

cham light 50 the vehicle s шог 
driver сап Bea tha mark and LÊ. .—-- T 
drive toit. Tria fighting a 
position affords maximum 

Protection ard rmanauvar Тог 

ћи гаги. 


Marker 
Deliberate fighting posdion for MT tank {hull 46 аде) 
Х af 0H 


In wide-open terrain auch аз 
daserts, тие! var Вэїлнвеп 
hull Яев pcaitior в Ix 
rcarmpulluged by organic 
mortar smoke or үнһісін 
ип ganarntarg 


даје 
"ugs 


PROTECTIVE POSITIONS 


Vehicle protective positions are constructed for vehicles and weapons systems which do not 
provide direct fire against the enemy. The positions are neither hasty nor deliberate because they 
all require extensive engineer assets and construction materials to build. Unless separate 
overhead cover is constructed, the positions do not provide blast protection from indirect fire 
super quick, contact, or delay fuze shells. The positions do, however, provide medium artillery 
shell fragmentation protection from near-miss bursts greater than 5 feet from the position, and 
from direct fire HEAT projectiles 120mm or less fired at the base of the position's 8-foot thick 
parapet. 
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Artillery firing platform 


Artillery firing platforma far 
TYE cr xalt-nrone|lagd 
artillery wmeaponks нга 
HERE PY Gn goh gy round e 
ренішін weapon relaying 
яаг Aach round as firad. Tha 
pad diritributes tha load over a 
large нган with no significant 


feitlament ний it Яалт, 
Таша, and алга алои to 
wWithatend tha turning pnr 
movement of аре palad 
wiopoos, The pad allows 
firing in all rliractinna. Tail 
logs are anchored outside the 
pad Тог towed weepong Far 


zal t-propallad weapons, the 
гесо! ярвана аге aet m 

com axectad soll mattered er (а 
n loyor of orughod rook around 
the pad. Thesa pagitin nik 
provide Пе protectin п 
with tha use nf a pampeat. 


Farapat position tor sell prnnatiad howitzer and ammo carrier 


X parapet position for Field 
нг егу provides improved 
рт dien from née: miss 
indi гас dira weapons affacto 
ant small caliber climat lira, 
The ра гар із cans гасе 
with material ва пп ови fram 
Mie кт кап vA и dt o Dei Э 
ванд tm allie direct 
harwitzur fire. IF iz ugunpllv 
песен, DO ініні liza tha 
para рат walle t ренин? 


deterioration каена by 
murzlp blast and weather. The 
Position is camouflaged with 
natural vogatatien æF 
camouflage netting. Tha tabla 
un page 4-16 givss 
dimanaieng of positions for 
lel oF СИ Бү а] и], У ИЕ 
rangtiirction IF ПЁПӨВЕВГҮ to 


вола] а adanuata protestion 
tor Lhe firing craw, fira 


diraction tentar | ЕР, and 


Enemy 


1 


tactical Operations canter 

ITO C]. Saparate вћећеге ara 
MACHAN to contain an 

ан! ary goction'k batie loud af 
projactileg, fuzes, and 
игереһіпа charges, l time 
allows, firing positions, ТОС. 
пй FOG піл примы Une 
iráanches, Shown ін в typical 


lovout for ga Sinch batter, 
and a light division 1НБ-гтта 


banary. 


Resuoply and 
—— GoM munication 


a : AN trenches 
22 e 
256 й 54 TOC ЕС 
ж m Rasuprplv and | uL] NS 
Н ЕС „© ит тип Сао n эшем. a 
uam thes MS 

ааа Зүү” | 
{ЗІ НА | 


FOUWA-GUAN POSITION 
FOR &-I BATTERY 


Six- GUN POSIT Om 
FOR LIGHT DIVI SiON 
156MM BATTERY 


Parapat position fer ADA 


A parapi pusiliun for air 
dation аггы гагчэт 15 


ітірепкні protection tor 


missila launcher equipment, 
argot асау 


equipment 
ДҮГЭЭР” нин 


Dimension: сі Fiaid Artillery Valise Positions 


has Special operate ak 
quite Mantz that make |1 
very difficult 1o pretaer. The 
requirement Tar му ЏЕКИ 
га Шанг mox" ce Ше Thee di 


Ертегі 
Dimension. fl 


Mininum Fara ра! 
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pee ciy des the usa af darga 
protect ма materiaa such ва 
acil, concrete, and rock in 
position НЯ 


Vehicle Type langth Wirth Лери: а ШІ? Maar ИЗ Е) Trunenerg at Васи, М Fama rhe 
Chaparral | ТАР, anc se 1- 7h [Ш 4 18 Е 
ргор іше Ноам! 
Livad 55 LH 3 ШЕ) Е 
билет sn пре | Ке zT IN 1 he В 
lau idi 2r 
153-mm si raed It? if ч ; я dang ас опита аге: атгаг. 
нгийг "M [Os ШЕН sap ple кейін 
112 тать яа"! proce et gun 13 ib 5 ја 8 Le” gt acsonmodates imm- 
MLI] niti supply келіге 
8417 за рис pelled 113 ц Ë là 4 le“ gf atipan ydas гїйгэ1- 
hewitcer ВЕЛ mtn snp fle ЫП 
Ват sel -preceled 115 г 5 Lb 8 шг ДИ ТЕЗЕ mm- 
їл 1 АТ "nbi ИЧТИ иг 
Mte 
| Piste ales privare: an я Ага лайк 34:57:52 eara ncc eraur d veni celer moeemer Lind cipe gp amt ooa cou n d are qas [iz 


2 Toa. cept inruiss any parapa ће 27. 


3 Рале rape ui 104 Dunk ai qan pez АРЕ ne. Livre EET П ЛЭ | me сү BS 14) ragsy ze hare ser gl gur hop ur шум! rab: 
прег: ел! IMS. Iss ol nal rel агшин satus, oll e hin i ert Ре й, Р TF 


3 берза apirüsimeli gan wel nee an Jr men- Gr вере ane nz lev ieie heds у 
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Dae p-cut position 


А Авар-сал vehicle poet 18 
prepared 0 préviut 
protecion tor support 
чанаж such аз cargo trucks, 
maintanannum and computor 
Vans, ёе maT ша. 
decontamination equip ant. 
РОК transporters, ard 
aarthmowv ng nquiprr ent. The 
рояГіоп Із usually open оз 


each end hor diwein 
т 13 


E 


акпа вө ген, OF prepared 
wiih a гааг Wall having ane 
anirancBwHBy only, ІНІ 
positian iz designed so ihe 
tope кай vohichkte are at denat 
1 мат below tha top ofthe 
пи пећи walls. 
Camouflage netting. if 
available, ix placed апганн tha 
Portion, Tha (apte cn раце 
4-14 ghows dimensions for 


ириса daep-rcut positions. 
The deep-cut vehicle 

BORG CUYD POSITION rs nod user 
ва B fighting pesilian lincausu 
deep coti do nal prev da hull 
defilada, turret dalilada, and 
concealed toutas batwean 
positions. However. TGs can 
use tha dega-cut design wiih 
ae гас ага си Dur 
battetiald positions. 


Covered deep cut pasion 


The covered deep-cut vehicle 
protectiva position provides 
greatly improved pratectinn 
ovar the dagap-cut pretantrva 
ранги. па потегао 
operation, 59 тега! deliberata 
fighting ров епа arm 
pünetructgEd with conceglad 
routes Tram these positions ta 
tha кома rad dasp-cut 
positions. The weapon 
выні insida lhe шон] 
deep- cul position urtil 
палила Деда Пад. tha 

жи йй pO is Ра бий to alteriati 
fighting positions urretumed 
to its covered dasp-eut 
poaition. This position alan 
provides ouerh tard gavar Таг 
tho protostion of 0050 НН 
Supplies pr egu preal. 
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DOrmensinns af Пирса Deap-Cut Positions 


Enn ри 
| Bl metî ıû ti, H- E 
Yalicla Тура Langth Width Deptt ID? Dniar / M3 АСЕ! Кемаића 

-bon t zh 18 In 7 15 пи | A IQ А “ar гас ье" 

| а-л truce 2ü n 3 11 УЛ 3 E о eral’ m pena йа (MEG іи 
35-10 carga ШЫҢ 211 H 12 11 iy: 141 ly «ни! Їйл carga fF мати Trailer 
250 ship yan 28 E Ё 1.3 
5 Ши Сагро | ugh 18 х lu PE 
поп shap var 16 НА 1: id 

Ш Л sarpo truck 31 1 1 n 

ТЇЇНий hatl wean ЕК ІН Ix 23 ЇНГ1ЕП5 as shcan ae lur iaer engh il 

semhlan A18 Е. ber aber raters add 23 = le 

inLaltraber ke gir 
Notes: 
L. Position dieriansinrs эги: ап апуигцат ale 3 Ми, ага ge arcani ae nde ^ш rime ien ar Ш ным le. все and dû лоп; бт Ра ари, 
Zz.Peedanrar rale zl 200 Eank из 2 parca par 072 Га, D vide cz nslrarl un cime Ey Е це rey ni babel Нар Л e rad dine ar сілке 32771 
преггішпі | Md. Ле nl rato cel enis diario № 4.02 JCE pznsitu свог time. 


Trenches are excavated to connect individual fighting positions and weapons positions in the 
progressive development of a defensive area. They provide protection and concealment for 
personnel moving between fighting positions or in and out of the area. Trenches are usually 
included in the overall layout plan for the defense of a position or strongpoint. Excavating 
trenches involves considerable time, effort, and materials, and is only justified when an area is 
occupied for a long time. Trenches are usually open excavations, but covered sections provide 
additional protection if the overhead cover does not interfere with the fire mission of the 
occupying personnel. Trenches are difficult to camouflage and are easily detected, especially for 
the air. Trenches, as other fighting positions, are developed progressively. They are improved by 
digging deeper, from a minimum of 2 feet to about 5 % feet. As a general rule, deeper excavation 
is desired for other than fighting trenches to provide more protection or allow more headroom. 
Some trenches may also require widening to accommodate more traffic, including stretchers. It is 
usually necessary to revet trenches that are more than 5 feet deep in any type of soil. In the 
deeper trenches, some engineer advice or assistance is usually necessary in providing adequate 
drainage. Two basic trenches are the crawl trench and the standard fighting trench. 
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Standard fighting trench 
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Each trench is constructed to the length required and follows either an octagonal or zigzag trace 
pattern. Special combinations and modifications are made to meet battlefield demands. 
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UNIT POSITIONS 


Survivability operations are required to support the deployment of units with branch-specific 
missions, or missions of extreme tactical importance. These units are required to deploy and 
remain in one location for a considerable amount of time to perform their mission. Thus, they 
may require substantial protective construction. 


FORWARD LOGISTICS 


Forward logistics are subdivided into the following areas normally found in the brigade trains 
area of a mechanized division: 


e Field trains (elements of maneuver battalions and companies). 
e Forward supply points. 

e Forward support maintenance. 

e Medical stations. 

e Battalion aid stations. 

e Miscellaneous activities. 


Field Trains 


Shelters described in the next section (Special Designs) are adequate for general supply storage. 
In practice, most of the supplies remain on organic trucks and trailers in forward areas so trains 
can responsively move to support combat forces. They are protected by deep-cut vehicle 
positions or walls. 
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Forward Supply Points 


Petroleum, oils, and lubricants (POL) products are a critical supply category in mechanized 
operations. Tanker trucks of the supply points are protected by natural berms or deep-cut 
protective positions. Overhead cover is impractical for short periods of occupancy, but maximum 
use is made of camouflage nets and natural terrain concealment. Class I, II, and IV supplies not 
kept in vehicles are placed in deep-cut trenches when time permits, but are of low priority for 
protection since even a direct hit on unprotected items may not completely destroy stocks. 


Forward Support Maintenance 


In a highly fluid battle situation where frequent displacement of the forward support company is 
required, the company cannot afford the effort required to construct extensive protective 
positions and shelters due to conflicts with basic mission accomplishment. Further, the company 
base of operations is close to the brigade trains area which is relatively secure from overt ground 
attack. Also, a large portion of the company is habitually employed away from the company area 
providing contact teams to supported units. Thus, the basic protection requirements are simple 
positions for individuals and crew-served weapons. The specific number of positions is 
determined by the size of the company position perimeter and the number of personnel and crew- 
served weapons available to protect the perimeter. In the principal company area, individual 
positions are constructed near their billeting areas and on the periphery of their work sections. 
Simple cut-and-cover or other expedient shelters are constructed next to principal shop facilities 
to provide immediate protection from artillery/ air attack. These shelters are usually not larger 
than 10-person shelters. 


Medical Stations 


The amount of equipment emplaced at a medical clearing station varies from mission to mission. 
Protection for a minimum of 40 patients is required as soon as possible. Design and construction 
of shelters with adequate overhead cover is mandatory so medical care and treatment are not 
interrupted by hostile action. Enemy air activity may hinder prompt evacuation of patients from 
the clearing station; thus, adequate shelter for both holding and treating patients becomes 
paramount. For planning purposes, shelters for protecting 20 personnel on litters or folding cots, 
and smaller shelters for surgery, X-ray, laboratory, dental, and triage functions are considered. 
The deliberate shelters are generally well-suited to these activities. 


Protection for personnel organic to medical companies is provided by individual and crew-served 
weapons positions. When the situation permits, shelters are constructed for sleeping or other 
activities. Ambulances and other vehicles also need protection. Vehicle protection is usually 
deep-cut type, with maximum advantage taken of protection offered by terrain and vegetation. 


Battalion Aid Stations 


Battalion aid stations normally operate from a tracked vehicle situated behind natural terrain 
cover. As time and resources permit, this site is improved with overhead cover and parapets 
allowing vehicle access and egress. Although the patient-holding capacity of the aid station is 
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extremely limited, some permanent shelters are provided for patients held during periods when 
enemy activity interrupts evacuation. 


Miscellaneous Activities 


Miscellaneous activities include forward arming and refueling points (FARPs), water, 
decontamination, clothing exchange, and bath points. In fast-moving combat situations where 
established supply points are too distant to provide rapid fuel and ammunition service, FARPs 
are established. With the anticipated short time of intense operation of the FARP, personnel have 
little time for protective activities. Prefabricated defensive walls provide the necessary protection 
within the short time available. 


The various activities involved in water, decontamination, clothing exchange, and bath points 
require protection for both customers and operating personnel. Equipment, such as power 
sources (generators), needs protection from indirect fire fragmentation and direct fire. Operating 
personnel need both individual fighting positions and protective positions. Many of the shelters 
described in the next section (Special Designs) are adapted for aboveground use in 
decontamination operations, clothing exchange, or bath points. 


ARTILLERY FIREBASES 


Artillery firebases are of extreme tactical importance and require substantial protective 
construction. The most frequently constructed firebase houses are an infantry battalion command 
element, two infantry companies, a 105-mm howitzer battery, and three to six 155-mm howitzer 
batteries. A firebase housing the above units consists of the following facilities: infantry TOCs, 
artillery FDCs, ammunition storage positions, garbage dump, command and control helicopter 
pad, logistics storage area and sling-out pad, artillery firing positions, helicopter parking area and 
refuel point, and hardened sleeping protective positions. Firebases usually are surrounded by a 
protective parapet with perimeter fighting positions, two or more bands of tactical wire, hasty 
protective minefield, and a cleared buffer zone to provide adequate fields of fire for perimeter 
defense. (Field Manual 5-102 provides detailed information on minefield.) If a local water source 
is available, an airportable water supply point is setup to provide water for the firebase and the 
units in the local area. 


Firebase construction is divided into three phases: combat assault and initial clearing (Phase I), 
immediate construction (Phase П), and final construction (Phase Ш). Dedicated engineer support 
is a requirement for the construction of a firebase. 


Phase I 


Combat assault and initial clearing consists of securing the firebase site and clearing an area 
large enough to accommodate CH-47 and CH-54 helicopters if the site is inaccessible by ground 
vehicle. The time required to complete this phase depends on the terrain at the firebase site. If the 
site is free of trees and undergrowth, or if these obstacles were removed by artillery and tactical 
air fire preparation, combat engineers can move immediately to phase II after the initial combat 
assault on the site. If the site is covered with foliage and trees, the security force and combat 
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engineers are required to descend into the site from hovering helicopters. Depending on the 
density of the foliage on the site, completion of the initial clearing phase by combat engineers 
with demolitions and chain saws may take up to 3 hours. 


Phase II 


Immediate construction begins as soon as the cleared area can accommodate either ground 
vehicles or, if the site is inaccessible by ground vehicle, medium or heavy lift helicopters. Two 
light airmobile dozers are lifted to the site and immediately clear brush and stumps to expand the 
perimeter and clear and level howitzer positions. Meanwhile, the combat engineers continue to 
expand the perimeter with chain saws, demolitions, and bangalore torpedoes. If enough area is 
available, a heavy airmobile dozer is usually committed to clear a logistics storage area and 
sling-out pad, then expand the perimeter and fields of fire. The backhoes are committed to 
excavate protective positions for the infantry TOC, artillery FDC, and, as soon as the perimeter 
trace is established, perimeter fighting positions. 


The immediate construction phase is characterized by the coordinated effort of infantry, artillery, 
and engineer forces to produce a tenable tactical position by nightfall on the first day. A 
coordinated site plan and list of priorities for transportation and construction are prepared and 
constantly updated. Priorities and the site plan are established by the tactical commander in 
coordination with the project engineer. 


As soon as a perimeter trace is set up and the site is capable of accepting the logistics and 
artillery lifts, maximum effort is directed toward the defenses of the firebase. Combat engineers 
and the heavy dozer continue to push back the undergrowth to permit adequate fields of fire. The 
two light airmobile dozers are committed to constructing a 5 to 8 foot thick parapet around the 
perimeter to protect against direct fire. Infantry troops are committed to constructing perimeter 
fighting positions at sites previously excavated by the backhoes. With the assistance of combat 
engineers, the infantry troops also begin placing the first band of tactical wire, usually triple 
standard concertina. Artillery troops not immediately committed to fire missions prepare 
ammunition storage protective positions and parapets around each howitzer. 


Phase III 


Final construction begins when construction forces complete the immediate defensive structures. 
Combat engineers placing the tactical wire or clearing fields of fire begin construction of the 
infantry TOG and artillery FDC. Infantry and artillery troops are committed to placing the 
second band of tactical wire to building personnel sleeping protective positions with overhead 
cover. Phase III is usually a continuous process, involving constant improvement and 
maintenance. However, most protective structures, including sandbag protection of the TOC and 
personnel positions, usually are completed by the end of the fourth day. Time is the controlling 
parameter in construction of a firebase. 
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STRONGPOINTS 


Strongpoints are another example of unit positions requiring substantial protective construction. 
A strongpoint is a battle position fortified as strongly as possible within the time constraints to 
withstand direct assaults from armor and dismounted infantry. It is located on key terrain critical 
to the defense and controls an enemy main avenue of approach. In some cases, the brigade or 
division commander may direct that a strongpoint be emplaced by a battalion or company-sized 
unit. The strongpoint is essentially an antitank "nest" which tanks physically cannot overrun or 
bypass, and which enemy infantry reduces only with expenditure of much time and 
overwhelming forces. The strongpoint is the "cork" in a bottleneck formed by terrain, obstacles, 
units and preplanned fires. The strongpoint is similar to a perimeter defense in that it is 
developed to defeat an attack from any direction. It is distinguished from other defensive 
positions by the importance of the terrain on which it is located and also by the time, effort, and 
resources spent to its development. A strong-point is not setup on a routine basis. 


Survivability tasks necessary to develop a strongpoint are divided into developing positions in 
open areas and in urban or built-up areas. Critical survivability tasks in open areas include 
preparation of- 


• АТОМ positions. 

e Tank hull де аде positions as a minimum for primary, alternate, and supplementary 
positions. Turret defilade and hide positions are prepared as time allows. 

е Dug-in positions for command, aid stations, and critical storage. 

e Covered routes between positions. 


Critical survivability tasks in built-up areas include preparation of- 


• АТОМ positions. 
e Covered routes between buildings. 


SPECIAL DESIGNS 


The table summarizes construction estimates and levels of protection for the fighting positions, 
bunkers, shelters, and protective walls presented in this section. 
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FIGHTING POSITIONS 


The following two positions are designed for use by two or more individuals armed with rifles or 
machine guns. Although these are beyond the construction capabilities of non-engineer troops, 


certain construction phases can be accomplished with little or no engineer assistance. For 


example, while engineer assistance may be necessary to build steel frames and cut timbers for 
the roof of a structure, the excavation, assembly, and installation are all within the capabilities of 


most units. Adequate support for overhead cover is extremely important. The support system 
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should be strong enough to safely support the roof and soil material and survive the effects of 
weapon detonations. 


Wood-trama fighting positian 


The swuuiHl- lı вагил on кі-ні- timiber ur u гасы Dee rese. Tha 
{катпа fighting position position х useful ив а tiwo 
condita cd prefabripetged gnldiar fighting ог observation 
iima or па виа ыл рит partian in ягаад whara itia 
Hermanis thal suppor в dupin. 


CE 
ЧЕХ 


No 

ex ГАЈ, 49 

vin т. Put 

о 2 | 
rk 


и 


Fabric-covarad frame position 


Ё pugitian Constructed of a 
metal suppor frama covered 
with a sirang Та ћир пето! 
is vary affective as в support 
gyitarm for oQvarhiaad zovar. || 
alga providas aubeta ntial 
інен гі procketios from blast 
and fragmaniatian. With 115 
Тағі nf ovarhaad cover, this 
nition munriuan Газ гитар гын 
оі a contect burst 32. ти 
гуаг ЗІ nri tha roof 
Similar struciuras marta tram 
hardar materials (wood, 
congrea, landing mat) raquirs 
ZA Yi feet of cover material for 
the aa me level of protection. 
dua to lack c газ атс of 
Tha Һиггінғ rnatarin а Tha 
postion shown 1% изет as a omitted, antitank weapons 
an+ ar таме Yighiung пап be f!rad from rhis 
position. |f the: гайг eral is position, 


BUNKERS 


Bunkers are larger fighting positions constructed for squad-size units who are required to remain 
in defensive positions for a longer period of time. They are built either above-ground or below 
ground and are usually made of reinforced concrete. Because of the extensive engineer effort 
required to build bunkers, they are usually made during strong-point construction. If time 
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permits, bunkers are connected to other fighting or supply positions by tunnels. Prefabrication of 
bunker assemblies affords rapid construction and placement flexibility. Bunkers offer excellent 
protection against direct fire and indirect fire effects and, if properly constructed with appropriate 
collective protection equipment, they provide protection against chemical and biological agents. 


Corrugated motal fighting bunker 


А tunkee mada tron 5 
сотидејад metal walla is vary -^7 Л: 
useful іг areas where digging 
چ‎ 4704 possible. with 1*2 dat 
thick aarth- filled walle and ZY: 
fact of олега cover, ihis 
position defeats direct Tire 
and blast апа fragments from 
rasr- mins mortar and artillery 
shellg For mera protection, 
anrdbmgs are stacked or loose 
earth із pushed up against the 
wals. The upper portion of 
the structure ia left open Тог 
mariri wisi | у irs all 
directiors. Firing porte are 
Па со у adis ye gle 
Floor. 


Plywood parirneter bunker 


А радай pari mater bunker 
ik Wad as an aboveground 
protective security position, 
The bunker hag 3 post 
Foundation, ga ghown, or ix 
rongiructed directly 03 the 
Braud with aarth-fllladt wall. 


franrrataigg hunka 


The conorete log bunker ia в 
Touraolditr tig mang tunka 
Бе пагисині pf precast 

та элч У ТАТРИ 
Each кд үгінді; 
approximately 50 gunda per 
Кезі, and Ik available n 
чинсан Iangxhg up те EG Фавт. 
The protection provided by 
ihig bunker ig significantly 

Пета романа Бу thi addition of at 
lanat ona layer ci pandbegs 
around aach wall. Altare 
Чаан па ore росе а Loing tha 
various log langthe. 
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Precast concrete slab bunker 


Thy расама CONIC EHLE чий 
bunker is designed Тог usa 
Fara Бли ли ап 

Болаи іп іл пин нд, but it 
із usually placed partially ог 
completely below ground. Тар 
rectangular раље ara 
designed for shop fabrication 
ono largo наас Вена. 

Engin aer support is Үй лг 
for táb ication anc 
installation. This Dunkar 

prev idas tacellant protection, 
especially if sandbags are 
stocked ог laone narth із 
pushad up against tha walla. 
When used ps po obaerraliam 
bunker, the obaervetior ports 
ага enlarged 70 includa firing 
pure ngar tho fho. 


Corcratü arch buaker 


Tha concrete arch bunkarig B 
four-aoldiar fighting pasitirzn 
gigptad from ће conceal 
arch shaligr {rater to 

pags 4-24]. The burker 
consists of (гав precast 
reinforced concrete 
components; a b-Tuot high 
arch section, a rectangular 
bach wall энийг, oid a 

gam circular roof аа. 

БА аи eant anginger ay ppr 
is required to соп ЕСЕ and 
Publ лага Га Їнний к=. 

Ега тетп probit tags 15 
increased Пү placing a layer of 
ru Блиц ан анж the walle. 


SHELTERS 


Shelters are primarily constructed to protect soldiers, equipment, and supplies from enemy action 
and the weather. Shelters differ from fighting positions because there are usually no provisions 
for firing weapons from them. However, they are usually constructed near-or to supplement- 
fighting positions. When available, natural shelters such as caves, mines, or tunnels are used 
instead of constructing shelters. Engineers are consulted to determine suitability of caves and 
tunnels. The best shelter is usually one that provides the most protection but requires the least 
amount of effort to construct. Shelters are frequently prepared by support troops, troops making a 
temporary halt due to inclement weather, and units in bivouacs, assembly areas, and rest areas. 
Shelters are constructed with as much overhead cover as possible. They are dispersed and limited 
to a maximum capacity of about 25 soldiers. Supply shelters are of any size, depending on 
location, time, and materials available. Large shelters require additional camouflaged entrances 
and exits. 


АП three types of shelters-below ground, aboveground, and cut-and-cover-are usually sited on 
reverse slopes, in woods, or in some form of natural defilade such as ravines, valleys, wadis, and 
other hollows or depressions in the terrain. They are not constructed in paths of natural drainage 
lines. АП shelters require camouflage or concealment. As time permits, shelters are continuously 
improved. 
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Below ground shelters require the most construction effort but generally provide the 
highest level of protection from conventional, nuclear, and chemical weapons. 


Cut-and-cover shelters are partially dug into the ground and backfilled on top with as 
thick a layer of cover material as possible. These shelters provide excellent protection from the 
weather and enemy action. 


Above-ground shelters provide the best observation and are easier to enter and exit than 
below ground shelters. They also require the least amount of labor to construct, but are hard to 
conceal and require a large amount of cover and revetting material. They provide the least 
amount of protection from nuclear and conventional weapons; however, they do provide 
protection against liquid droplets of chemical agents. Aboveground shelters are seldom used for 
personnel in forward combat positions unless the shelters are concealed in woods, on reverse 
slopes, or among buildings. Aboveground shelters are used when water levels are close to the 
ground surface or when the ground is so hard that digging a below ground shelter is impractical. 


The following shelters are suitable for a variety of uses where troops and their equipment require 
protection, whether performing their duties or resting. 


Туле soldier sleeping shelter 


ће design Tor a two-soldier 
sleeping shelter 15 vary 
вітрів, and i$ Contre 
мий ил! anginéar support, 
Culvert sections used in tha 
designi are delivered In larga 
quaatitlag by truck or 
halicap:ar, and than ara hand- 
cerned іп ерасі Ingtallarion 
tites by intended occupants 
working in renme of two, 
These shelters provida goad 
protection “ram direct fire 
nal caliber mortars 160 and 
Bà mm, machine guns bolow 
12.7-mm бігіз, indiract Tira 
fragmantat On, and grenades. 
With additional cover, tho 
Protection val incraazas te 
include larger diract fira 
ргојас из. The bow profile of 
tha хим ГОА ЯА ТА 
difficult target to hit. 


ies 


en 
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Мініп! ош eholtor 


А metal cubert эс єг, 
quickly constructed 
aboveground, ig intended fer 
изе in arcas where personngl 
ањ БИЕД or werk Ји 
conventional nanprotectad 
buildings but naad sheltar in 
сака 01 attack, For exemple, 
НІНЕН ara placed outsida 
conventional billets, d ning 
facilities, and large areas of 
iling quarters. Toe пота lt 
6 feat high and consists ct 
two rows of 55-gallon drums 
with abouti а 4-Toct span 
Between rows. Two Бу four 
SIGE, vTaasuring 4 111185 
higher than the drums, ага 
Cent md inside атс deam. 


The drums are than filled with 
mnil à ? hy А tnn plate in 


connected to the 2 by 4 41648 “Ж Um poe Deve rem — өле = - 
lengthwise through the row af drome To protect tha Facing the probable direction 
bunker. The 6-foel comugated әнін of the bunker, barrier of attack by incrasaing 

типа! pipa halwes ага bolted Walla ars erected 2 taal &gndhag thickness. This 
together and connected to the beyond thé entrancas. ghaltar provides protection 
top plates. А Зеба, layer af За па рген сн hà ngnirat mortars and small 


от бода iz placed along sach øróvided en hp kida and and caliber diragi fire WEEN, 


Metal shipping container 3heltar 


ора motal chipping 
cgntairarg, auch az 
consolidated axp ees 
[GOMER] containers. sra weed 
to maki affactiva sheltars. 

ТІ вен bax- shaped canainers, 
with internal dimensions of $ 
тент bong, Їнэ! wide, а 9 
fast high. ara enhy converted 
inte pratective command 
anata, namm шатн гаг 
ahaltera, troop shelters, aid 
atations, and zha.ters for 
critical suppllas. Because the 
CON BA conte ner ч thor Im 
st'nnger than its roof, it iż 
пет ed te resist more blast 
ard provida more oveihead 
ссувғ Githough tha xhnltar iz 
pameti пез cgnstructed above 
ground it ig easier іп 
ecnatrunt it below ground by 
niacing tha mvarted CONES 
gçntair Br ing hole hall its 
Helght and then covering 145 
roof with earih. 
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Airtianspertabla agagult shelter 


The airtrenapariabla assault 
ahalter ip a profpbricabed 
Нуман strusturk зийл for 
a commend post or fira 
diracilon cancer (FOC, ЇЕ + 
maval completely А тын mblad 


Wxcapt Tor the rect} from sita 


10 яна ва tha таст св! altugtian E 


damanda Because oF is 
Tapered walls, it is заву 
iBmovaergd from tha деире by 
helicopter, 


Tho wolls and floor are шила! 
prefabricated in raar аған» ane 
than truzkar oi linn, 
assembled ar ПнаккетНеЕН, 
ro the site, Thea below оын 
tite ког 3221 
with explosiveg and hand 
tools. The flor arsi пі 
kxcAvabad 2 inst longer aad 2 
faet wider than the actual 
Theor aaa. алла work 
separa during соме и, 
Fastanars provided along the 
edges of aach wall and the 
Theor allow the ТИЈ 
tom3onents to lock 1 дата 
wie и cumglicta unit, Tho 
walls drop bdow tha flog 
Pickin Бі the floor acte a5 a 
hrane fne tha ћгућагп айда nf 


Timbo’ post buriad zaelter 


The timber post buried shelter 
ig в wood frame suppet 
sittem for warhead cover 
uar Lar bell. {1 ia ызы] vily dra avil 
ni гос magierigi which 
mainta ns the original vartinal 
sxcavElinn in amy véegthar. 
Banauae it ia below ground, 
the shelter providas axcellart 
piorBcWnn irom indirect fire 
Fragmentation and diract fira. 
The greatest thraat ta thia 
зіністіге із direct hits wn the 
roof from indiract high 
аурора weapons. However, 
тїш сувгаа Cover 15 
properly coanatructad, this 
Shelter can sustain direct hits 
fram raram hiir шыларын 
ан large ag 82 mm. Larga 
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чмо walls Preah BS dey. 
Two large straps com platery 
aroung tho ОС ша, placed 
during conitructiun, аге used 
үй gttachivg the bunker to в 
helicopter lifting Fook for 
shelter pullau: and їгнэнрисгї. 


The rol ae иу n саас Lu a d 
larger than tha floor ggctipn 
and i: fabricated in the rear 
roo or ot the nrormiian niin 
Tha roof overlaps tha walls 
and ныррагін itzelf on firm 
[тазны girded nob mı 


the shelter rralla. ha abelier 
weighs appreximadaly 1,500 
кы гь witha yt the roef, The 
shelter ік uaually no mora 
then 672 fest Май, and the 
floor space ів gas thar 100 
Aquaéant fast. Eccawatinon. 
anaambiy, backfilling, and 
con iuc yn gi tha горі and 
entrance аға рова Ш in hars 
than 10 hours wlth а ts- 
member cre 


sholtes ore made by joining 
sgwuaral units together. 
Hawg gar. the алса маси 


effort required ін sizable, and 


it iş vary likely that anginears 
will have 10 provida support 


wall ит Їл! ы: ып 


excavation еде ірпаепі?. 
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Modular timbar frame ghaltar 


Modular t mbar frama sheltara 
ага designed so tha moduler 


unite ага ЕннэгпїНаа for CX құр ل‎ A E 
indiuidual usa cr in А HT WE | + Y NEC оЁ тү 
П W eu Я | | 


pui ra Џи nm UF Fui ur Ura г. 


te provide the raquired khalter $: ios БУЛ 
area. Thay ига aithur "a ice .. 
gos 


солин! above ground or » 
partially Бот growed. Tho үзе 
advantage of uactinral 

sheliers used tor command 

Posts ог ad atetiona ia the 

НекініНұ of the shatter ағза 

that is providec, Ther alie 

lend анама іс 

prefabricgtion and 
nirtraráportablity by utility 
halicapter. aacept for the 

ragd. The »rinnipal 

disadvarrtsgs ї the (гөз al 

skill required in constructing 

the sections from оте пите! 
lumber ar logs of сізтірнігіініе 
sirength, лига па 

MEET авиа lanit а 

аи parviainn. 


Timber tams burimi shies —— — ——: um 


Tha tim bar fra rie buried 
şhaller la muller to tha 
modular shelter mxcapt for ihe 
ту of [tz structural mem +785. 
It ix по alriransportable whan 
Бети а, It 45 inzialimd 
partially burked er completely 
below ground, if desirad, 
Вели» greund. it prowides 
excellant profection &gairst 
inidicaci dire Fragmentation 
and direct flee. Tha глғагһан d 
при, чийн! траг hr 

юр поста а, явган ва БТ. 
ее dire contact buret 
ahelis ир 10 22 rim. In meat 
сатав жағал Пергана nf : 
engineer supper із авс дад Tor 
ceonamunaon аша Inscallation., 
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Aboveground cavity vrall ъпыыг 


Ап abnvenreund cavily- vvall 
ЄР bar provides protaction 
quartarg for жеме 12 ча! аге 
тега інен gri rt 
contruction is aot рова је 
dnain hign watar tahlaz_ 
racky ground, пад other 
Таскога. The design lj падн of 
а B-inrh trick Tourdaten tab 
and + fom thick gartF-lill ad 
угай, Gwerhead cover ін 
provin eid by lavare of 
sandbags or about 11: feat of 
loose earth supported on 
heavy stringers, beams, and 
Poets, It rnquirpz a high 
degree o] snginser eltort; but. 
whim properly constructed 
and camouflaged, tha ront 
prowvidag Good prabec-inn 
against all indirect tira 
nrnjactilas emallar rhan 1567 
mm ог нг гү oonraet Burst 
айз, 


Елен frame РАБ гіра] aml ena 


А steal frame? Tabrie-crourad 
Shelter. DECAL ЕЕ OF Its. 

Нела у, provides 

*ignifie делићу mora pretectian 
dram fonvontional weapons 
than Structures constructed 
Trom bir bar ar concrete 
material s. Tha Бетін! Шріісні- 
shaped ahalter i made of four 
Stead alimenty- intgarier 
framan, and frames, 
longitudinal braces, and pipe 
Connsetors. The frame 15 
раг with a Пол Бас fp bric 
cover, The and and inraricw 
Ira mes аға fabricated from 
stnal tubing formad inia an 
allipi елі arch, А straight 
anatiea af Еп у is walded to 
Hach of the turo pidas gt the 
bottom af the arch. 


End Магла ary braced from со алат. Tha ‘lexible cower, it сап survivg smalt 
vertically and horizontally ta Fabriz cower supporting the клал л Ёлын эй атты be al le 
Provide support for tha fa міс soi backfill ік a twro- ply, 182 mm or less}, and delay 
eovenhg atthe ends af tha nanprane- coated nylon fabric Реља О загШнг y ен а 
shel tar. Рог longitudinal {airtidd surface mamorBne T- — 4162 mm] eaploding in tha 
braces hold The iram in 17]. 1 the shadtor ік buried ground 10 tegi tram "ће 
place end prevent theahelter — with at Inant 115 feat i eni — 


Hardened fran. fabric shelter 


А hardened frame? fabric 
ahehe orovides aacal ent 
protection from conventional . 
and nuciee: weapon, When a 
едшірріні with à beled ` 
маг са antya y and buried | 
with at Роди d fant of coil 

cover, this shelter survives 

shock and аі lnadinga at 

Е Zü-rnunds par squnna inch 

[pei] nuciaar gwar pressura 

range. bn addition, a hgh level 

of init al radiation protection 

ia pravidad. Furtiar, the 

Shelter aurvivez contact 

burpin of madian arti Inr» 

ће 1152 mm ог less). 


Rectangular fabric. frame shelter 


A rectangular байги rame 
shelte is Suitable Тог в 
command ond «анз! center, 
їгээр shaeltar, ог medial 
ет". Aluminum OF steel 
frame mambears ars cowired 
with T 12 мые ош масе 
membrane Рог =. ррегниу at 
laast 1Yz feet of soil caver. А 
partially or Fully buried shelter 
survives 4n ВИ contac: burst 
mortar shaba (82 пиг [955] 
ind delay fuze medium 
zrtllere shells | 152 тыт or 
lass} axplading in the grow 
1B teed iroi tha shelter, 


Concrete arch мынг 


Ё concrete arch shatter is 
arefabrigated from 4-Tezi 
Ong arth aBttinng and 
ПАТ МЕЛ o ыу Ing ih 
"нші ні. Basic arch er and 
ЕН ап спруд еп are truck 
ог alrtransportabia, Englameers 
аге ёшга Em fabrigate tha 
ahakar components, but 
aišsêm blr nt the site ГАД 177 
nb ginger -achnical support 
other than нопнынїїоП sod 
Нила equipmant. The shelter 
ik buried with at laast 4 Бин 
of earth overhead gover, It 
an durywa а аиа пи агаг 
а (7 Б2 mrn nr lass] ora 
delay Киза shell exploding Б 
lect Fran (ін aliu clue. 


-- 


Мата! pipa arch shelter 


The metal pipe arch сайн iż 
identical ın aiza tp tha 
сотегоћа arch shalter anc uses 
Ж е sar onc wenllg. Theo arch 
sectian із made of sewen 12- 
vut lung curnugaziad 
galvanized steel plate: of 
diffa-ing curvetu's belted 
шун her along tha 
langkudinal joint. Frotection 
provided by thia analtar 15 the 
same az thai far the concreta 
агаћ олооре wary Пе 
protection fram tagments 
and Hast ін provided until the 
Facktill and cover material ara 
іп plecs. 


PROTECTIVE WALLS 
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Several basic types of walls are constructed to satisfy various weather, topographical, tactical, 
and other military requirements. The walls range from simple ones, constructed with hand tools, 
to more difficult walls requiring specialized engineering and equipment capabilities. 


Protection provided by the walls is restricted to stopping fragment and blast effects from near- 
miss explosions of mortar, rocket, or artillery shells; some direct fire protection is also provided. 
Overhead cover is not practical due to the size of the position surrounded by the walls. In some 
cases, modification of the designs shown will increase nuclear protection. The wall's 
effectiveness substantially increases by locating it in adequately-defended areas. The walls need 
close integration with other forms of protection such as dispersion, concealment, and adjacent 
fighting positions. The protective walls should have the minimum inside area required to perform 
operational duties. Further, the walls should have their height as near to the height of the 
equipment as practical. 


Earth walls 


Earth walls ar& conétructad 
entirely of сати ром 
вам И, The sides hava a 1:1 
кора [01:45 degrees: 
therefors, a large вғыш ond 
contant тагтбапапса are 
required. particularly in 
locations with high rainfall 
rates. А waterproof covering 
Gr sandbags are 
recommended to ма ха this 
type af protective wall. 


Earth wall with revetment 


An agrih wall with à 
revetmant ісе wall 
Constructed of soil placad at a 
1:1 slape against à revotment. 
Narrnallv, tha revatmant i5 
located on the inside of the 
Wall #3 21058 нь possible iu 
the protected equipment. The 
weall’s Haight should Бе ot 
least equal to the aquipmeant 
pratectad. 
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Eoi crm ent wall 


b acil сига wall provides 
better protection from 

frog ments, requires layaran 
for tha position, and is more 
permanant than the na rth 
wall. Tha wail reaquiree яресіві 
&iguiprmant to cnnatrurzt Огги 
and парне the roil-¢mont 
mitura. A fhe вата Ја wall 
Ма 1:10 slope it 
списка using ғ riuiura 
Of one part pariland cement 
(Oy Weight) wth ТО parts of 
aall rbv weighty. 


Зай! hin wall with Ing mvatmaent - 


Soil Hr walla with side 

гета тега conatruzted ‘rom 
роти, dimensioned timber, 
Виме, OF CORFU ated matar 
affactively defeat fiagmenta, 
With а relnimem ІЛ-СЕН of 
1 foot, the wegllg stop шілігі! 
зла ви ау fragmenta, 
mürtar, and rochat shalia 
BXplaoding ая close вш E fagt 
dram tha walla. 
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Soil bin wall with phywood revetmant 


Bhywobd portable wall 


A small portable walk mado 
from plywood or corrugated 
metal із dagigned for usa 
around suppliBE oF nulpmant 
puch ах ganaerstors, POL, and 
ammunition. The well spy 
mortar shell frag manta 
exploding as со во qq Б loot. 
Tha wall is braced with Ун- 
inch guy cable at beth ands of 
већ -fant wall section 10 
pravant the wall from Blowing 
over hy the blast wave. 


Steel landing ria: ма! 


A Tempore ry wall nime irom 
steel landing mats not = : 
guiteble for runway wee makes Ын он Mies = апта 

an affective fragment afield. oem aaa ҮЛҮ TP Y now 

Tha mate ага placed at laast асына з : " ШИШ! | M 

1 Foot apart re rnnstructed in т Е, 
the “АЛ shape. The landing P t MERE EE - 
mat wall à properly впсћогед AEE | EE Сайн 
to tha grcund sn almrafi 
movements ог blast elects 
wll nat blaw іс ewer, Tha tabla 
оп page 2-40 provides 
shielding effactivaness of the 
MBA steal landing mat. 


бл тр of MEA? Landing Mats 


Percent Fragments Stopped at Cited Range 


Шарон ВН ИЙ 20 ft 30 
Bi-1m maar % gg 98. ال‎ 83-1:0 
Ве-тл Tiir 3t 35 1 H Js- 11 53-130 
4 4n marar т Fa а| Ja 
10 "mm rocket И М Ё 96 
L2U-mm Tartar ш -ПІП ЗЕ. ЈЕ, 38.14 
T?2-mm rocket m я Te 
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Faria plz precast concrete wall 


А регта а precast concrete 
wall providas а versatile 
portable, and durable wall far 
protecting essential 
едшізтегі, living Quarérs, 
hospitals, ac ministration 
buildings, ага parked 
vehicles. К modular 

qanat udin permis ы wide 
variety of configurations and 
upplicationa. Tha wall їл made 
of & inch thick, B-foat long 
ини, агсан concrete репеі= 
supported hy twin àenerata 
footings Protection provided 
15 lass than 1- ВЕ thick soil 
bin walla, hut is improved by 
stacking sandbags адал! the 
outer face of the panels, 


Caat-in-placa concrete wall 


4 свело place concrete wall 
provides axcollatt protestion 
but ғаңшігак кв а го = 
and apacial aquipmant at tha 
сой ОН site. As with ila 
рога Ба concrete wall 

prar пићу decribed, 
protection ія gragthy improved 
by placing alayer of sandbags 
БД: ат the cuter venil 
surfrces 


Portable asphalt armor рап а!® 


Fortubla asphalt armor ра nals 
are used für siding on 
huildingé ог 3: protective 
panels tor military оци pment 
and vehicles. РапеБ ага 2 fest 
wide Ly В feat long and 2 and 
inches hich Enginanr 
troops ага зе те to 
construc) the panes and 
properly ргарага the asphalt 
тілшге. The thin panels stop 
fragments fram mortar shells 
exploding 30 teat away. the 
thicker panels at a distunce of 
Б feet. 
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CHAPTER 5 
SPECIAL OPERATIONS AND SITUATIONS 


Adi 5 
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xc 


Te two basic aperationsinvolving ИЗ iore deployment 
T ava eam bined and eantingency. Combined пыта 
ace enactedin areas where US fucees are already established, 
наср sa IN ATO nations Wiere few ог ue ЧА лімі Пі ті» 
. «eris, usually in undeveloped regions. vonlingenes mpera- 
Ё ` tion are planned. In bach cases, survivability mias uns will 
require inlensive engineer &uppert in all types uf verzain and 
о тате. Each environment' s adventapges uid disadvantages 
ace азары ш uvrvivabiliy planning, desgniig, and 
conslruqting positions. Fighting and не хе positions in 
JENE EH, ингэ bancs дых, deser EB, wuld кемімен, and urban 
aceas require плес год knowledge, skills, teciniguea, and 
equipoeni. This chapter presents charasciteristies of Ove 
envirrnmenta which impaction магу іч ату калвелопз and 
dusevibos the сарийн зэгс ея роте ктт eembined and 
eoantiugency operatione, 


SPECIAL TERRAIN ENVIRONMENTS 
JUNGLES 


Jungles are humid, tropic areas with a dense growth of trees and 
vegetation. Visibility is typically less than 100 feet, and 
areas are sparsely populated. Because mounted infantry and armor 
operations are limited in jungle areas, individual and crew- 
served weapons fighting position construction and use receive 
additional emphasis. While jungle vegetation provides excellent 
concealment from air and ground observation, fields of fire are 
difficult to establish. Vegetation does not provide adequate 
cover from small caliber direct fire and artillery indirect fire 
fragments. Adequate cover is available, though, if positions are 
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located using the natural ravines and gullies produced by 
erosion from the area's high annual rainfall. 


The few natural or locally-procurable materials which are 
available in jungle areas are usually limited to camouflage use. 
Position construction materials are transported to these areas 
and are required to be weather and rot resistant. When shelters 
are constructed in jungles, primary consideration is given to 
drainage provisions. Because of high amounts of rainfall and 
poor soil drainage, positions are built to allow for good, 
natural drainage routes. This technique not only prevents 
flooded positions but, because of nuclear fallout washing down 
from trees and vegetation, it also prevents positions from 
becoming radiation hot spots. 


Other considerations are high water tables, dense undergrowth, 
and tree roots, often requiring above-ground level protective 
construction. A structure used in areas where groundwater is 
high, or where there is a low- pressure resistance soil, is the 
fighting position platform, depicted below. This platform 
provides a floating base or floor where wet or low pressure 
resistance soil precludes standing or sitting. The platform is 
constructed of small branches or timber layered over cross- 
posts, thus distributing the floor load over a wider area. As 
shown in the following illustrations, satisfactory rain shelters 
are quickly constructed using easily-procurable materials such 
as ponchos or natural materials. Field Manual 90-5 provides 
detailed information on jungle operations. 


ее - ---— چ س د‎ пе де + 


Stout, pliasle reeds 
lord across АПЛ ОГ 


È. M Ға 


су е ‘Several layers of 
ІШЕ... large fine fens 


ME ee 


м3 


Балсбо гћаћака 


SINGLE ЕОМСНО 


А hasty shelter is made by suspending tha This is another ћнату ahelter pitched 
Ponche From bow undaerbrush, Due to its canopy fashion. 

simplicky, ii can be easily areciad at night. 
copooioky іі Һадуұ atinga hawo oirsady 
Bean tied to the cprnarg of the poncho. 


This is a Һау shelter using a penche and This low вићомете sheer сва be used 

Бгагил зан fer xpreadar bars. whilg improving fighting positions. lt can 
be lowered by removing tha from upright 
Supports 


DOUBLE PORCH 


Тир ponchos latiurod Log ei her will shalter The following typa of ahsitei may be used 
tour poidiers Tram the rain. Ехїга ponchos for a longer stay ји more secure areas. А 
can be ugad as ground shasts. gheeping platform and fodatreat project 


from dampness and insects. 


MOUNTAINOUS AREAS 


Characteristics of mountain ranges include rugged, poorly 
trafficable terrain, steep slopes, and altitudes greater than 
1,600 feet. Irregular mountain terrain provides numerous places 
for cover and concealment. Because of rocky ground, it is 
difficult and often impossible to dig below ground positions; 
therefore, boulders and loose rocks are used in aboveground 
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construction. Irregular fields of fire and dead spaces are 
considered when designing and locating fighting positions in 
mountainous areas. 


Reverse slope positions are rarely used in mountainous terrain; 
crest and near-crest positions on high ground are much more 
common. Direct fire weapon positions in mountainous areas are 
usually poorly concealed by large fields of fire. Indirect fire 
weapon positions are better protected from both direct and 
indirect fire when located behind steep slopes and ridges. 


Another important design consideration in mountain terrain is 
the requirement for substantial overhead cover. The adverse 
effects of artillery bursts above a protective position are 
greatly enhanced by rock and gravel displacement or avalanche. 
Construction materials used for both structural and shielding 
components are most often indigenous rocks, boulders, and rocky 
soil. Often, rock formations are used as structural wall 
components without modification. Conventional tools are 
inadequate for preparing individual and crew-served weapons 
fighting positions in rocky terrain. Engineers assist with light 
equipment and tools (such as pneumatic jackhammers) delivered to 
mountain areas by helicopter. Explosives and demolitions are 
used extensively for positions requiring rock and boulder 
removal. Field Manual 90-6 provides detailed information on 
mountain operations. 


In areas with rocky soil or gravel, wire cages or gabions are 
used as building blocks in protective walls, structural walls, 
and fighting positions. Gabions are constructed of lumber, 
plywood, wire fence, or any suitable material that forms a 
stackable container for soil or gravel. 


The two-soldier mountain shelter is basically a hole 7 feet 
long, 3 % feet wide, and 3 % feet deep. The hole is covered with 
6--to 8-inch diameter logs with evergreen branches, a shelter 
half, or local material such as topsoil, leaves, snow, and twigs 
placed on top. The floor is usually covered with evergreen 
twigs, a shelter half, or other expedient material. Entrances 
can be provided at both ends or a fire pit is sometimes dug at 
one end for a small fire or stove. A low earth parapet is built 
around the position to provide more height for the occupants. 


DESERTS 


Deserts are extensive, arid, arid treeless, having a severe lack 
of rainfall and extreme daily temperature fluctuations. The 
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terrain is sandy with boulder-strewn areas, mountains, dunes, 
deeply-eroded valleys, areas of rock and shale, and salt 
marshes. Effective natural barriers are found in steep slope 
rock formations. Wadis and other dried up drainage features are 
used extensively for protective position placement. 


Designers of fighting and protective positions in desert areas 
must consider the lack of available natural cover and 
concealment. The only minimal cover available is through the use 
of terrain masking; therefore, positions are often completed 
above ground. Mountain and plateau deserts have rocky soil or 
"surface chalk" soil which makes digging difficult. In these 
areas, rocks and boulders are used for cover. Most often, 
parapets used in desert fighting or protective positions are 
undesirable because of probable enemy detection in the flat 
desert terrain. Deep-cut positions are also difficult to 
construct in soft sandy areas because of wall instability during 
excavations. Revetments are almost always required, unless 
excavations are very wide and have gently sloping sides of 45 
degrees or less. Designing over-head cover is additionally 
important because nuclear explosions have increased fallout due 
to easily displaced sandy soil. 


Indigenous materials are usually used in desert position 
construction. However, prefabricated structures and revetments 
for excavations, if available, are ideal. Metal culvert 
revetments are quickly emplaced in easily excavated sand, 
Sandbags and sand-filled ammunition boxes are also used for 
containing backsliding soil. Therefore, camouflage and 
concealment, as well as light and noise discipline, are 
important considerations during position construction. Target 
acquisition and observation are relatively easy in desert 
terrain. Field Manual 90-3 provides detailed information on 
desert operations. 


COLD REGIONS 


Cold regions of the world are characterized by deep snow, 
permafrost, seasonally frozen ground, frozen lakes and rivers, 
glaciers, and long periods of extremely cold temperatures. 
Digging in frozen or semifrozen ground is difficult with 
equipment, and virtually impossible for the soldier with an 
entrenching tool. when possible, positions are designed to take 
advantage of below ground cover. Positions are dug as deep as 
possible, then built up. Fighting and protective position 
construction in snow or frozen ground takes up to twice as long 
as positions in unfrozen ground. Also, positions used in cold 
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regions are affected by wind and the possibility of thaw during 
warming periods. An unexpected thaw causes a severe drop in the 
soil strength which creates mud and drainage problems. Positions 
near bodies of water, such as lakes or rivers, are carefully 
located to prevent flooding damage during the spring melt 
season. Wind protection greatly decreases the effects of cold on 
both soldiers and equipment. The following areas offer good wind 
protection: 


• Densely wooded areas. 

e Groups of vegetation; small blocks of trees or shrubs. 

• The lee side of terrain elevations. (The protected zone 
extends horizontally up to three times the height of the 
terrain elevation). 

e Terrain depressions. 


The three basic construction materials available in cold region 
terrain are snow, ice, and frozen soil. Positions are more 
effective when constructed with these three materials in 
conjunction with timber, stone, or other locally-available 
materials. 

Snow 


Dry snow is less suitable for expedient construction than wet 
snow because it does not pack as well. Snow piled at road edges 
after clearing equipment has passed densifies and begins to 
harden within hours after disturbance, even at very low 
temperatures. Snow compacted artificially, by the wind, and 
after a brief thaw is even more suitable for expedient shelters 
and protective structures. A uniform snow cover with a minimum 
thickness of 10 inches is sufficient for shelter from the 
weather and for revetment construction. Blocks of uniform size, 
typically 8 by 12 by 16 inches, depending upon degree of 
hardness and density, are cut from the snow pack with shovels, 
long knives (machetes), or carpenter's saws. The best practices 
for constructing cold weather shelters are those adopted from 
natives of polar regions. 


The systematic overlapping block-over-seam method ensures stable 
construction. "Caulking" seams with loose snow ensures snug, 
draft-free structures. Igloo shelters in cold regions have been 
known to survive a whole winter. An Eskimo-style snow shelter, 
depicted below, easily withstands above-freezing inside 
temperatures, thus providing comfortable protection against wind 
chill and low temperatures. Snow positions are built during 
either freezing or thawing if the thaw is not so long or intense 
that significant snow melt conditions occur. Mild thaw of 
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temperatures 1 or 2 degrees above freezing are more favorable 
than below-freezing temperatures because snow conglomerates 
readily and assumes any shape without disintegration. Below- 
freezing temperatures are also necessary for snow construction 
in order to achieve solid freezing and strength. If water is 
available at low temperatures, expedient protective structures 
are built by wetting down and shaping snow, with shovels, into 
the desired forms. 


Ice 


The initial projectile-stopping capability of ice is better than 
snow or frozen soil; however, under sustained fire, ice rapidly 
cracks and collapses. Ice structures are built in the following 
three ways: 


Layer-by-layer freezing by water. This method produces the 
strongest ice but, compared to the other two methods, is more 
time consuming. Protective surfaces are formed by spraying water 
in a fine mist on a structure or fabric. The most favorable 
temperature for this method is--10 to --15 degrees Celsius with 
a moderate wind. Approximately 2 to 3 inches of ice are formed 
per day between these temperatures (1/5-inch of ice per degree 
below zero). 


Бейт зіріс crow зе 


Winn 
draction 


Es чате келетің 
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Freezing ice fragments into layers by adding water. This method 
is very effective and the most frequently used for building ice 
structures. The ice fragments are about 1-inch thick and 
prepared on nearby plots or on the nearest river or water 
reservoir. The fragments are packed as densely as possible into 
a layer 8 to 12 inches thick. Water is then sprayed over the 
layers of ice fragments. Crushing the ice fragments weakens the 
ice construction. If the weather is favorable (-10 to -15 
degrees Celsius with wind), a 16- to 24-inch thick ice layer is 
usually frozen in a day. 


Laying ice blocks. This method is the quickest, but requires 
assests to transport the blocks from the nearest river or water 
reservoir to the site. Ice blocks, laid and overlapped like 
bricks, are of equal thickness and uniform size. To achieve good 
layer adhesion, the preceding layer is lightly sprayed with 
water before placing a new layer. Each new layer of blocks 
freezes onto the preceding layer before additional layers are 
placed. 


Frozen Soil 


Frozen soil is three to five times stronger than ice, and 
increases in strength with lower temperatures. Frozen soil has 
much better resistance to impact and explosion than to steadily- 
acting loads--an especially valuable feature for position 
construction purposes. Construction using frozen soil is 
performed as follows: 


• Preparing blocks of frozen soil from a mixture of water and 
aggregate (icecrete). 

• Laying prepared blocks of frozen soil. 

е Freezing blocks of frozen soil together in layers. 


Unfrozen soil from beneath the frozen layer is sometimes used to 
construct a position quickly before the soil freezes. Material 
made of gravel-sand-silt aggregate wetted to saturation and 
poured like portland cement concrete is also suitable for 
constructing positions. After freezing, the material has the 
properties of concrete. The construction methods used are 
analogous to those using ice. Fighting and protective positions 
in arctic areas are constructed both below ground and above 
ground. 


Below ground positions. when the frost layer is one foot or 


less, fighting positions are usually constructed below ground, 
as shown. Snow packed 8 to 9 feet provides protection from 
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sustained direct fire from small caliber weapons up to and 
including the Soviet 14.5-mm KPV machine gun. When possible, 
unfrozen excavated soil is used to form parapets about 2-foot 
thick, and snow is placed on the soil for camouflage and extra 
protection. For added frontal protection, the interior snow is 
reinforced with a log revetment at least 3 inches in diameter. 
The outer surface is reinforced with small branches to initiate 
bullet tumble upon impact. Bullets slow down very rapidly in 
snow after they begin to tumble. The wall of logs directly in 
front of the position safely absorbs the slowed tumbling bullet. 


Overhead cover is constructed with 3 feet of packed snow placed 
atop a layer of 6-inch diameter logs. This protection is 
adequate to stop indirect fire fragmentation. A layer of small, 
2-inch diameter logs is placed atop the packed snow to detonate 
quick fuzed shells before they become imbedded in the snow. 


Aboveground positions. If the soil is frozen to a significant 
depth, the soldier equipped with only an entrenching tool and ax 
will have difficulty digging a fighting position. Under these 
conditions (below the tree line), snow and wood are often the 
only natural materials available to construct fighting 
positions. The fighting position is dug at least 20 inches deep, 
up to chest height, depending on snow conditions. Ideally, 
sandbags are used to revet the interior walls for added 
protection and to prevent cave-ins. If sandbags are not 
available, a lattice frame-work is constructed using small 
branches or if time permits, a wall of 3-іпсһ logs is built. 
Overhead cover, frontal protection, and side and rear parapets 
are built employing the same techniques described in chapter 4. 
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It is approximately ten times faster to build above-ground snow 
positions than to dig in frozen ground to obtain the same degree 
of protection. Fighting and protective positions constructed in 
cold regions are excavated with combined methods using hand 
tools, excavation equipment, or explosives. Heavy equipment use 
is limited by traction and maneuverability. Explosives are an 
expedient method, but require larger quantities than used in 
normal soil. Crater formation from surface bursts of explosives 
is possible and creates craters of a given depth and radius 
based on the information in the first table below. Crater 
formation by charges placed in boreholes is a function of charge 
depth and charge weight as shown in the second table. A 15- or 
40-pound shaped charge creates boreholes as indicated in the 
following table. 


Grater Mer: qEnurfemxs ин 


пош ісе Frozen Ground 
Crater degih, fr 1.2 NI | ал 3 Iw 0.5 : м. 
3 
Crater radise, fi 20 \fw 163 14 Nw 


Modes: (мг equale charge weight pounde [(шпеапаре 


Varify calcu latione with test shots. 
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Crater Dimension (ising Boreholes) 


snc 


Depth of charge, ft 4n 3 m 30 Mv 
Grater depth, ft 5.1 Mr 3.3 ДУ 2.7 4 TN 
Grater radius, ft 33 WC 35 em 3.1 M 


Notes: (wj equal charge weight in pounds junlemped) 


Verify calculationc with tect chotc. 


SPECIAL COLD REGION FOSITIONS 
DUE TOW and паспе gun рое [n sine 


А plato пал ofgihbwond or 
timber іс zonetruc ted to the 
rcc of the frontal potee tion 
to provide а егікі baee from 
which to eme Юу the gure. 
Overhead Gower ie ueua Ту 
оће from the firing рсе kn 
Because of the а Нам Ну of 
digghg both the fring and 
protective poeitione together 
in the chow. The protec live 
БИЕ ЛЇЇСИЛ Елки hare at baet 
3 feet of packed mow зе 
Gower. The Ноћ Тита positu 
ehoukl have enow packed 8 to 
Ч kot thick for frombal, zsd ai 
leset 2 fest thick for cide 
protection ac chown. 
tanedbage are weed Їнэ revet 
the interior walls for added 
protection ame to prevent 
Gave ЛЕ. Howewer, pac ked 
EAO, roche, tinch diameter 
loge, or ammunition cane 

ПІ гі w ilh euw cane 
БОЛОН Л ШҮҮ ec шешегі to complete 
lhe frontal and overhead 
protection, ae wall se cide and 
rear parapets. 


lew Frozen Ground 
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Individual fighting poeition ју crow 


Риниї энэ for med пгс ofc 
тизи ЇН by ВЭ 

Bee кый ener nm arhar гігіһ nf 
a tree and extending the enu 
parapet f to Э feet to ће 
front, зе illuetrated. The cide 
and rear poarapeta are 

eon ehboctod of 2 continuous 
ENOI me um, 3 minimum of 
2 feet wide, and high enough 
to protect the co Miers head, 


Зпо trench wilh wwuud гоме тип! 


h deep епоху, trenchee and 
weapon poeitipnne are 
excavated to the dimencione 
cutined in chapter d. 
Howewer, пні tha enma іс 
well packed and frozen, 
revetm ent ie required. In 

mow too см Ве to pom d 
the required depth 
excavation, enow walls are 
ually слили, The walk: 
are made of compacted enow, 
revetted, and at leset 61/2 feet 
thick. The table on page 5-12 
combine crow wall 
conetruction requremente. 


Loge or 
dm eneioned timber 
revetmente 


56% ft between aimeorte 
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ел Wal Orr rt for Ирей Feros rence, 
ӛтпей Caliber Fire, and HEAT Projectiles 


Required 
Siu Пен Muzzle Minimum 
{ib £u ft} Projectiles Velocity Penetration, ft Thickness, ft 

18.0 -250 Grenade frag [HE] 20 2 
112 -13.0 556 nm 3.250 3.8 4.4 
17.4 -23.7 РАЙ mm a2 25 29 26 
112 -13.1 762 mm 2,750 130 15.0 
17.4 -23.7 762 mm 2 730 5.2 Gi 
255 -28.7 752 mm 2,730 50 58 
195 -249 ІЗ? nm 2,910 54 іл 
145mm 60 8.0 
YU -41.2 ІШ mm HEAT 970 14.0 174 
31.2 -549 TO mm ПЕАТ 910 8r 0.0 13.0 
27.5 -J49 OO mm HEAT 700 95 41.2 145 


Hotes. Them malri Шеугеніе under ои ен] fre. Реле шуен ог 
12.7 mm cr smaller аге for sustained fre (30 continuous rings nha 
1 by 1 foot area), 


Penetration characteristics of Warsaw Pact ammunition do nut differ 
Sionificanth trom US counte warte., 


Figure given for HEAT weapone are dor Swis PAG-7 070 mm) and 
United States М87 (90 mm) fred into machine-packed snow. 


Hgh explosive grenades produce small higi velocity ад пе пе which 
stop in about 2 Fiet. of packed snow. Effective proiection from direct fire 
18 independent of delwer; method, including newer machine gune ika 
ће Soviet А55-17/30 mm) or United States MK 18/МУ5 440mm), 
Only amor penetrating mund: are effective. 


Shelters 


Shelters are constructed with a minimum expenditure of time and 
labor using available materials. They are ordinarily built on 
frozen ground or dug in deep snow. Shelters that are completely 
above ground offer protection against the weather and supplement 
or replace tents. Shelter sites near wooded areas are most 
desirable because the wood conceals the glow of fires and 
provides fuel for cooking and heating. Tree branches extending 
to the ground offer some shelter for small units or individual 
protective positions. 


Constructing winter shelters begins immediately after the halt 
to keep the soldiers warm. Beds of foliage, moss, straw, boards, 
skis, shelter halves, and ponchos are some times used as 
protection against ground materials dampness and cold. The 
entrance to the shelter, located on the side least exposed to 
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the wind, is close to the ground and slopes up into the shelter. 
Openings or cracks in the shelter walls are caulked with an 


earth and snow mixture to reduce wind effects. 


The shelter 


itself is constructed as low to the ground as possible. Any fire 
built within the shelter is placed low in fire holes and cooking 
pits. Although snow is windproof, a layer of insulating 


material, 


such as a shelter half or blanket, 


is placed between 


the occupant and the snow to prevent body heat from melting the 


Snow. 


Wigeam о ћи Шы гс 


Th нэ ohc Hor нэ оси и ced 
юан aed quickhy when fhe 
ground ic too hard to dig and 
protection ie required for а 
Мин bivouac. The ehetter 
comm odabee three eo kiere 
and provide.e egace for 

eno kr. Shout 25 evergreen 
eaplinge (2 to З hehee in 
diam eter, 10 fest long] are 
cut. The lim be are left on the 


ғаріп amd are bared 


киз ot n gnall trc c oo tho out 
Ere extend about 7 fest up 
fee trunk. The cut crede ue 
Hed together around the ires 
with a tend rope, wire, or 
other m eane. The ground ene 
cof the eap уде are epaced 
about 1 toot apart and about 
7 ве from the haee of the 
free. The bran hec on the 
auteide of the wigwam are 
place ГЫ зцы та: Ube 


с И: ет УЗ nn Harn 
incide are trimmed off and 
mixed on the auteide to fill in 
the epazec. Shelter halvee 
wrapped around the outcide 
make the мгла па more 
windproof, eepecialk after it 
Е covered with ғаты. А 
Wigwam ie акп conetructed 
by Beh mg the cut ehde of the 
eaplinge together metsad of 
lemi ng them aqa nnt the Dre. 
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Leathe selle 


Thie che. lier E made nf the 
came maler зе the wigquam 
{natural caplinge woven 
together and bruchj. The 
eaplinge are pleted aga inet a 
госк walla ғіһер nili inr Pi e; a 
deadiall, or come other 
existing vertical curface,on 
the leevward cide. The ende are 
olco. with of olor halven oF 


Буурын Бг ари ће. 


Shelter hall 


Snow cave 


Этому et are mide by 
burrowing into а enowdrift 
aed fodhioning о rocm of the 
deered ete. Thie ehelter givec . 22 е 5 
good protection from freezing м? - 
weather and а mavmim К 
amount of concea iment. The 
entrance clopee upward for 
beet protection aga inet cold 
air penetration. Snow cavee 
are џема ћ built large enough 
ог severa|coldere п the 
coneictency of the enow 
prvswinle uva егіп. Tw 
enirancee are usualh used 
whilo tho chow io tale. n cut of 
the саме; ane entrance is 
rafillad with mma whan tha 
cave ie completed. Free in 
mow cavee аге kept em all to 
prevent melting the ctructure, 
Та allaw incoming frach ar, 
the door те not completely diem —. та lec Es 


, MANN Ағ LE'EI. =; 


SHOW оси 
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Snow hole 

Thr ee hl ie а rm plk, nf hnrhy lamih nnd ДР ЕМГ гэвч МЕЛ И "У глаг Han cuim, 
ore ехэ ӨГ emergency ehe Ier an entrenching tool or he inet. filling the original ditch with 
Tor protection да в a mow Ata depth of about 3% tect, &eiow hat wae dug out, until 
gom in open, enow-covered the collier fps down їл the тыр a emal breathing hok. 
terrain. The coldier dige а hole hole ard then dig in remains. 

SNOW pit 


The enow pit ie dug vertically 
with entrenching took to 
fom a ditch. The pit ie где 
enough for tvo or three 

ео kiere. Skk, poke, etic КЕ, 
bran chee, ehe er halvee, and 
епозу ar мега ze roofing. Thre 
нені depth of thp pit ie беер 
cough for со. а ond 
reclining posit iore. If the 
Fri Bund dean кызыгы jh, the 
Gide of the pit can be made 
higher by adding eHow walk. 
The root ehould elope toward 
оне end of the pit. 
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URBAN AREAS 


Survivability of combat forces operating in urban areas depends 
on the leader's ability to locate adequate fighting and 
protective positions from the many apparent covered and 
concealed areas available. Fighting and protective positions 
range from hasty positions formed from piles of rubble, to 
deliberate positions located inside urban structures. Urban 
structures are the most advantageous locations for individual 
fighting positions. Field Manual 90-10 contains detailed 
information on urban terrain operations. Urban structures are 
usually divided into groups of below ground and above-ground 
structures. 
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Below Ground Structures 
A detailed knowledge of the nature and location of below ground 
facilities and structures is of potential value when planning 
survivability operations in urban terrain. Typical underground 
street cross sections are shown in the figure below. 


Grass serius ОР sheets 
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Sewers are separated into sanitary, storm, or combined systems. 
Sanitary sewers carry wastes and are normally too small for 
troop movement or protection. Storm sewers, however, provide 
rainfall removal and are often large enough to permit troop and 
occasional vehicle movement and protection. Except for 
groundwater, these sewers are dry during periods of no 
precipitation. During rain-storms, however, sewers fill rapidly 
and, though normally drained by electrical pumps, may overflow. 
During winter combat, snow melt may preclude daytime below 
ground operations. Another hazard is poor ventilation and the 
resultant toxic fume build-up that occurs in sewer tunnels and 
subways. The conditions in sewers provide an excellent breeding 
ground for disease, which demands proper troop hygiene and 
immunization. 


5-17 


EM 5-103 


Subways tend to run under main roadways and have the potential 
hazard of having electrified rails and power leads. Passageways 
often extend outward from underground malls or storage areas, 
and catacombs are sometimes encountered in older sections of 
cities. 


Aboveground Structures 


Aboveground structures in urban areas are generally of two 
types: frameless and framed. 


Frameless structures. In frameless structures, the mass of the 
exterior wall performs the principal load-bearing functions of 
supporting dead weight of roofs, floors, ceilings; weight of 
furnishings and occupants; and horizontal loads. Frameless 
structures are shown below. 


Fraraeless buildin characteristics 
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Building materials for frameless structures include mud, stone, 
brick, cement building blocks, and reinforced concrete. Wall 
thickness varies with material and building height. Frameless 
structures have thicker walls than framed structures, and 
therefore are more resistant to projectile penetration. Fighting 
from frameless buildings is usually restricted to the door and 
window areas. 
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Frameless buildings vary with function, age, and cost of 
building materials. Older institutional buildings, such as 
churches, are frequently made of stone. Reinforced concrete is 
the principal material for wall and slab structures (apartments 
and hotels) and for prefabricated structures used for commercial 
and industrial purposes. Brick structures, the most common type 
of frameless buildings, dominate the core of urban areas (except 
in the relatively few parts of the world where wood-framed 
houses are common). Close-set brick structures up to five 
stories high are located on relatively narrow streets and form a 
hard, shock-absorbing protective zone for the inner city. The 
volume of rubble produced by their full or partial demolition 
provides countless fighting positions. 


Framed structures. Framed structures typically have a skeletal 
structure of columns and beams which supports both vertical and 
horizontal loads. Exterior (curtain) walls are nonload bearing. 
Without the impediment of load bearing walls, large open 
interior spaces offer little protection. The only available 
refuge is the central core of reinforced concrete present in 
many of these buildings (for example, the elevator shaft). 
Multistoried steel and concrete-framed structures occupy the 
valuable core area of most modern cities. Examples of framed 
structures are shown in the following figure. 
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Material and Structural Characteristics 


Urban structures, frameless and framed, fit certain material 
generalities. The first table below converts building type and 
material into height/wall thicknesses. Most worldwide urban 
areas have more than 60 percent of their construction formed 


EM 5-103 


from bricks. The relationship between building height and 
thickness of the average brick wall is shown in the second table 
below. 


Unban Zamuciuc dione ШНїйгЇнсчэсэ 


Height Average Wall 

BuiHing Material [sto ries] Thickness, in 
Frameless Structures 

Stone 1-10 30 
Brick 1-3 9 
Dick 3-6 15 
Соп Hock 1-5 8 
Concrete, yall anc Sab 1-10 4-15 
Concrete, prefabricated 1.3 7 


Framed Structures 


Wood 1-3 1 
Steal (heavy cladding) 3-100 Б 
Concretesteal {lighi ceding) 4-50 1-3 


Average Brick ұран Tiick ness 


Height WallThickness, in 
(stories) 
15! 2nd ord 4th 6th 6th 


11% 
2 134 109? 
3 14% 13% 109 
4 164 1459 14% 11% 
5 182 ВУ 14» 13%  12V2 
& 195 18; 15% 14% 13«* 125 


SPECIAL URBAN AREA POSITIONS 
Troop Protection 


After urban structures are classified as either frameless or 
framed, and some of their material characteristics are defined, 
leaders evaluate them for protective soundness. The evaluation 
is based on troop protection available and weapon position 
employment requirements for cover, concealment, and routes of 
escape. The table below summarizes survivability requirements 
for troop protection. 
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Surv abiiy Портер етіс for Troops нэ Шығағ Ap igre 
Ne quirc me nts Building Characteristice 
Cover |. Proportion c walls to windowe 
2 Wall compocition and thicknace 
3. |гівгісг wall and partition composition and thicknece 
4. Stair and elevator modube 
Concealment 1. Proportion of walls tà windows 
2 Venting patem 
& Floor plan (horizontal and vertical 
4. Star and elevator moduks (framed highriee buildings) 
Escape 1. Floor plan (horizontal and vertical 


2 Stair and elevar moies 


Cover. The extent of building cover depends on the proportion of 
walls to windows. It is necessary to know the proportion of non- 
windowed wall space which might serve as protection. Frameless 
buildings, with their high proportion of walls to windows, 
afford more substantial cover than framed buildings having both 
a lower proportion of wall to window space and thinner (nonload 
bearing) walls. 


Composition and thickness of both exterior and interior walls 
also have a significant bearing on cover assessment. Frameless 
buildings with their strong weight-bearing walls provide more 
cover than the curtain wails of framed buildings. However, 
interior walls of the older, heavy-clad, framed buildings are 
stronger than those of the new, light-clad, framed buildings. 
Cover within these light-clad framed buildings is very slight 
except in and behind their stair and elevator modules which are 
usually constructed of reinforced concrete. Familiarity with the 
location, dimension, and form of these modules is vital when 
assessing cover possibilities. 


Concealment. Concealment considerations involve some of the same 
elements of building construction, but knowledge of the venting 
(window) pattern and floor plan is added. 


These patterns vary with type of building construction and 


function. Older, heavy-clad framed buildings (such as office 
buildings) frequently have as full a venting pattern as 
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possible, while hotels have only one window per room. In the 
newer, light-clad framed buildings, windows are sometimes used 
as a nonload bearing curtain wall. If the windows are all 
broken, no concealment possibilities exist. Another aspect of 
concealment undetected movement within the building depends on a 
knowledge of the floor plan and the traffic pattern within the 
building on each floor and from floor to floor. 


Escape. In planning for escape routes, the floor plan, traffic 
patterns, and the relationships between building exits are 
considered. Possibilities range from small buildings with front 
street exits (posing unacceptable risks), to high-rise 
structures having exits on several floors, above and below 
ground level, and connecting with other buildings as well. 


Fighting Positions 


Survivability requirements for fighting positions for 
individuals, machine guns, and antitank and antiaircraft weapons 
are summarized in the table below. 


SurvivabHdy Aequiremenic for Fighüng Posnions n Unban Buying: 
Individual positions 1. Wall composition and thickness of upper floors 
й Roof compocilion and thickness 
3. Ноогапа сета composition ага Шіг-іпесс 
Machine gun positions 1. Wal I compeocition and thicknecc 
2. Коса. ermin 
ANIA NK weapon 1. Wall Composition and nicmess 
positions 
2. Room dimensions and volume 
3, Function related тегт fumishings, and со forth 
4. Fields of fire (relative position of building) 
5. Amig distance 
ê. Line-of-sight 
Antiaircraft weapon 1, Веки com poe ion and thickness 
positions 
2, Theor plan (horizontal and vertical) 
3. Line-of-cight 


Individual fighting positions. An upper floor area of a 
multistoried building generally provides sufficient fields of 
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fire, although corner windows can usually encompass more area. 
Protection from the possibility of return fire from the streets 
requires that the soldier know the composition and thickness of 
the building's outer wall. Load bearing walls generally offer 
more protection than the curtain walls of framed buildings. 
However, the relatively thin walls of a low brick building (only 
two-bricks thick or 8 inches) is sometimes less effective than a 
15-inch thick nonload bearing curtain wall of a high-rise framed 
structure. 


The individual soldier is also concerned about the amount of 
overhead protection available. Therefore, the soldier needs to 
know about the properties of roof, floor, and ceiling materials. 
These materials vary with the type of building construction. In 
brick buildings, the material for the ceiling of the top floor 
is far lighter than that for the next floor down that performs 
as both ceiling and floor, and thus is capable of holding up the 
room's live load. 


Machine gun positions. Machine guns are usually located on the 
ground floor to achieve grazing fire. In brick buildings, the 
lower floors have the thickest walls and thus the greatest 
degree of cover. In frame buildings, walls are the same 
thickness on every floor and thus the ground floor provides no 
advantage. Another consideration is the nature of the local 
terrain. Should a building selected for a machine gun position 
lie over the crest of a hill, grazing fire is sometimes not 
possible from a ground floor. In such cases, depending on the 
area's slope angle, grazing fire is achieved only from a higher 
floor. 


Antitank weapon positions. The positioning of antitank weapons 
within buildings demands consideration of the critical need for 
cover. Buildings with fairly thick walls have rooms that are too 
small to permit firing of heavy antitank weapons, such as the 
TOW. Therefore, only the LAW, Dragon, and the 90-mm recoilless 
rifle (RCLR) are usually fired from these buildings. When 
antitank weapons are fired, backblast is present as illustrated 
below. 
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Caution zone 


When weapons are fired in enclosed areas in structures, the 
following conditions are required: 
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The area must have a ceiling at least 7 feet high. Minimum 
floor sizes by weapon and type of construction are as shown 
in the table below. 

Approximately 20 square feet of ventilation is necessary to 
the rear of the weapons. An open door normally provides 
adequate ventilation. 

Small, loose objects and window/door glass are removed from 
the firing area. 

Combustible material is removed from behind the weapon. 
Curtains and over-stuffed furniture out of the blast area 
are usually left in place to help absorb sound. 

For ATGMs, vertical clearances between the bottom of the 
launch tube and the wall opening are 6 inches for TOW and 9 
inches for Dragon. 

Occupants must be forward of the rear of the weapon and 
wear helmets and earplugs. 
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Mimun For Sikes for firing Weapons іленгізгес A resi 


Minimum Floor Size, it 


Framg Masonry 
Tow fOx 32 40 x 20 
Dragoi 15x16 10х20 
одтт РСА 15x16 10х20 
LAW 7x1 Minimum of 174 ft 
to back wall 


For heavy ATGMs (TOWS) designed for effectiveness up to 3,750 meters, there is an acute need 
to select light-clad framed buildings that have considerable fields of fire. 


Antiaircraft weapon positions. The deployment of antiaircraft 
weapons can also be related to a consideration of building 
characteristics. An ideal type of building for such deployment 
is a modern parking garage (one with rooftop parking). It offers 
sufficient cover, a circulation pattern favoring such weapons 
carried on light vehicles, and frequently offers good lines of 
sight. 


Other Planning Considerations 


Fighting and protective positions located inside urban buildings 
sometimes require upgrade or reinforcement. Prior to planning 
building modification, the following factors are considered: 


е Availability of materials such as fill for sandbags. 

е Transporting materials up stairwells and into attics. 

e Structural limitations of attics and upper level floors 
(dead load limitations). 


COMBINED OPERATIONS 


The United States maintains substantial forces in Europe for 
North Atlantic Treaty Organization (NATO) operations and forces 
in Korea as part of the combined forces command (CFC). In these 
areas, established command and control arrangements permit 
detailed peacetime planning, base development, and host nation 
support agreements. In most potential combat theaters, however, 
international agreements with United States allies on principles 
and procedures do not exist or are only partially developed. In 
both types of possible theaters of operations, combat activities 
will involve combined operations with allied forces. 
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Interoperability is the capability of multinational forces to 
operate together smoothly. Commanders involved in combined 
survivability operations must have a knowledge of standing 
operating procedures (SOPS), standardization agreements 
(STANAGS), and any other procedural agreements made between 
forces. In addition, a commander should maximize training and 
use of equipment and supplies organic to friendly foreign 
forces. Host nation support agreements may provide equipment and 
indigenous labor for protective construction. These assets 
require full identification and use. Interoperability is 
discussed in FM 100-5. 


Terrain and climate characteristics of the following three NATO 
regions are critical to the survivability planner in Europe. 


ALLIED FORCES, NORTHERN EUROPE (AFNORTH) 


The Northern European Command, also known as Allied Forces, 
Northern Europe (AFNORTH), is made up of Norway, Denmark, and 
that portion of the Federal Republic of Germany north of the 
Elbe river. The climate of this area includes subarctic and 
arctic winters which, in some locales, 8 months out of the year. 
Terrain is generally very lightly wooded and susceptible to 
flooding in many areas. 


ALLIED FORCES, CENTRAL EUROPE (AFCENT) 


Allied Forces, Central Europe (AFCENT) includes most of Western 
Europe-specifically West Germany. The climate of this area is 
usually cold and wet. The terrain is generally rolling and open, 
with many urban and built-up areas of 50,000 population and 
upward. 


ALLIED FORCES, SOUTHERN EUROPE (AFSOUTH) 


Allied Forces, Southern Europe (AFSOUTH) includes Italy, Greece, 
Turkey, and countries in the Mediterranean area. Generally, this 
area has a warm and comfortable climate, but it also includes 
some bitterly cold regions. The terrain of northern Italy, 
Greece, Turkish Thrace, and eastern Turkey is mountainous and 
affords excellent natural protection. The plains of the Po River 
Valley, however, provide unrestricted mobility and direct fire, 
and require substantial protection activities. 
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PACIFIC COMMAND (PACOM) 


United States forces stationed from the west coast of the 
Americas to the east coast of Africa and in the Indian Ocean 
come under the umbrella of the Pacific Command (PACOM). Two 
important areas of the command are Japan and Korea. As in NATO, 
important differences in capabilities, doctrine, and equipment 
exist among various national forces in PACOM. Unlike NATO, few 
STANAGS exist to negotiate the differences. 


Korea 


The powerful North Korean army is a threat to the Republic of 
Korea (ROK). It is continually poised for attack along the 151- 
mile demilitarized zone (DMZ). The area in which protection 
activities would take place includes mountainous, rugged terrain 
with a temperate, monsoonal climate. Most of the terrain favors 
light infantry operations, yet two major avenues of approach 
from the north allow mechanized activity. Because of the 
segregation of US and ROK units, existing survivability 
/interoperability problems are considered when protection 
activities are planned. 


Japan 


The five major islands of Japan have a climate similar to that 
of the east coast of the United States. The islands are mostly 
mountainous, with the urban areas and huge population centers 
situated in and around the remaining habitable areas. Operations 
in Japan are governed by the provisions of the Treaty of Mutual 
Cooperation and Security between the United States and Japan. 
Significant efforts are required to ensure interoperability of 
forces. Survivability tasks will most likely center around 
protection of built-up areas. 


CONTINGENCY OPERATIONS 


Contingency operations, generally initiated under circumstances 
of great urgency, are geared to protect vital natural resource 
supplies or assist a threatened ally. The US contingency force 
must have the capability to defeat a threat which varies from 
terrorist activity to well-organized regional forces armed with 
modern weapons. Contingency forces must prepare for chemical and 
nuclear warfare, and also for air attack by modern, well- 
equipped air forces. Fighting and protective positions are 
initially prepared for antitank weapons, ADA forces, and field 
artillery weapons in order to deny the enemy both air 
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superiority and free ground maneuver. Most potential locations 
for contingency operations are relatively undeveloped. Logistics 
and base support requirements will dictate operational 
capabilities to a much greater extent than in a mature theater. 
Planners must provide ample logistic basic loads for initial 
construction and use locally available materials for expedient 
structures. 


General contingency plans must allow for rapid changes in the 
tasks, organization, and support to adapt to widely-varied 
potential threats and environments. The composition of the 
contingency force must permit rapid strategic deployment by air. 
At the same time, it must possess sufficient combat power and 
equipment to provide necessary engineer support. The lack of 
logistic support for the deployed task force requires a 
capability to fully exploit whatever host nation support is 
available. 


Deployed engineer forces are responsible for all engineer 
functions. Initially, there is little back-up support for 
engineers organic to combat forces; however, engineer support in 
the survivability effort is essential. Survivability missions in 
contingency operations are of primary importance after 
deployment. The force requires protection at all levels since 
the enemy often expects the force's arrival, and since assembly 
areas are limited until specific missions are developed. Due to 
the light force structure and limited logistical support, 
priorities are established to determine where the engineers 
should dedicate their resources. Conditions such as delayed 
supply and resupply operations, and scarcity of engineer 
equipment, demand force maneuver units or light forces to 
prepare their own fighting and protective positions. The 
situation will determine whether shifts from those priorities 
are necessary. 
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APPENDIX A 
SURVIVABILITY EQUIPMENT 


This appendix contains powered survivability equipment used in 
engineer operations. The operational concepts and capabilities 
for each system are presented. The following table contains 
general excavation capabilities for survivability equipment. 
Outputs depend on operational efficiency, soil conditions, 
weather, and cycle time. Production estimates determine 
equipment required, completion time, and best performance 
methods for the project. Technical Manuals 5-331A and 5-331B 
provide detailed information on estimates for production, 
loading, and hauling. 


M9 Armored Combat Earthmover (ACE) 

The M9 is a highly-mobile, armored, amphibious combat 
earthmover, capable of performing mobility, countermobility, and 
survivability tasks in support of light or heavy forces on the 
integrated battlefield. The vehicle hull is a welded and bolted 
aluminum structure with four basic compartments: engine 
compartment, operator's compartment, bowl, and rear platform. 
The bowl occupying the front half of the hull is the earth and 
cargo compartment. Directly behind the bowl are the operator's 
and engine/transmission compartments. Below the platform, in the 
rear quarter of the hull, is a two-speed winch with 25,000-pound 
capacity for recovery operations. A towing pintle and airbrake 
connections are provided for towing loads. 


With track pads removed, the M9 has bulldozing and earthmoving 
characteristics comparable to the D7 dozer. The M9 is equipped 
with a unique hydropneumatic suspension system which allows the 
front of the vehicle to be raised, lowered, or tilted to permit 
dozing, excavating, rough grading, and ditching operations. A 


EM 5-103 


self-ballasting capability of the M9 gives it earthmoving 
characteristics equal to an item of equipment twice its empty 
weight. The M9 provides light armor and chemical agent 
protection for the operator, and armor protection for the 
operator, engine, power train, and other key components. It is 
capable of 30 miles per hour (mph) road speeds on level terrain, 
when unballasted, and can swim at 3 mph in calm water. The M9 is 
airtransportable by C130, C141, and C5A aircraft. 


M728 Combat Engineer Vehicle (CEV) 

The combat engineer vehicle (CEV) is a full-tracked armored 
vehicle which consists of a basic M60Al tank with a front- 
mounted, hydraulically-operated dozer blade, surmounted by a 
turret bearing a 165-mm demolition gun, a retractable boom of 
welded tubular construction, and a winch. The demolition gun is 
operated from within the vehicle. The winch is housed on the 
rear of the turret and is used in conjunction with the boom to 
lift, or without the boom to provide direct pull. The vehicle 
and dozer blade are operated from the driver's compartment, The 
demolition gun may be elevated or depressed for use at various 
ranges of up to 950 meters. A .50-caliber machine gun is cupola- 
mounted, and a 7.62-mm machine gun is coaxially-mounted with the 
demolition gun. 


The CEV provides engineer troops in the forward combat area with 
a versatile, armor-protected means of performing engineering 
tasks under fire. Some of the tasks which are accomplished under 
fire by the CEV are: reducing roadblocks and obstacles; filling 
craters, tank ditches, and short, dry gaps; constructing combat 
trails; preparing fighting or protective positions; assisting in 
hasty minefield breaching; destroying fortifications; clearing 
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rubble and debris, reducing banks for river crossing operations; 
and constructing obstacles. 


Scoop Loader 

The scoop loader, sometimes referred to as a front loader or 
bucket loader, is a diesel engine-driven unit mounted on large 
rubber tires. The hydraulically-operated scoop bucket is 
attached to the front of the loader by a push frame and lift 
arms. The loader is used as a one-piece general purpose bucket, 
a rock bucket, or a multisegment (hinged jaw) bucket. The 
multisegment bucket is used as a clamshell, dozer, scraper, or 
scoop shovel. Other available attachments for the loader are the 
forklift, crank hook, and snowplow. The current military 
engineer scoop loaders range from 21 % - to 5-cubic yard rated 
capacity, and are employed in the majority of engineer 
organizations including airborne/air assault units and the 
combat heavy battalion. 
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D7/D8 Crawler Tractors 

The crawler tractor, commonly referred to as the bulldozer, is 
used for dozing, excavating, grading, land clearing, and various 
construction and survivability operations. The military models 
07 and 08 tractors are equipped with a power shift transmission, 
hydraulically-operated dozer blade, and a rear-mounted winch or 
ripper. The D7 tractor with an operating weight of 50,000 
pounds, 200 horsepower diesel engine, and drawbar pull of 39,000 
pounds, is classified as a medium tractor. The D8 tractor with 
an operating weight of 83,000 pounds with ripper, 300 horsepower 
diesel engine, and drawbar pull of 56,000 pounds, is classified 
as a heavy tractor. 
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JD410 Utility Tractor 

The John Deere (JD) 410 is a commercial piece of construction 
equipment used to excavate 2-foot wide ditches up to 15 feet 
deep. It also has a front loader bucket of 1 4-cubic yard 
capacity for backfilling ditches or loading material into dump 
trucks. The tractor has front wheel steer and rear wheel drive. 
The machine is also equipped with hydraulically-driven concrete 
breaker, tamper, and auger attachments. The tractor has a road 
speed of approximately 20 mph. For longer distances, the tractor 
is transported. 
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Small Emplacement Excavator (SEE) 

The SEE is a highly mobile, all wheel drive, diesel engine- 
driven tractor equipped with a rear-mounted backhoe, a front- 
mounted dozer or loader, and portable hand-held auxiliary 
hydraulic tools such as pavement breakers, rock drills, and 
chain saws. The front-mounted attachments are interchangeable 
through a quick hitch mount, and the rear mounted backhoe is 
easily removed for rapid conversion to other configurations. The 
tractor is used to rapidly excavate small combat positions such 
as TOW weapon positions, individual fighting positions, mortar 
positions, and command posts in the main battle area. The weight 
of the tractor is limited to 16,000 pounds. The SEE tractor has 
improved road speeds up to 40 mph and cross-country speeds 
comparable to supported tracked or wheeled units. The tractor is 
equipped with a backhoe capable of excavating 14-foot depths at 
a rate of approximately 30 cubic yards per hour. The dozer and 
loader buckets provide defilade excavation capabilities in 
addition to other tasks such as loading or dozing. 


Е хеви н о Сава ће of US Survivabiimy Eguipmornt 
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Equipment Banked Material Loose Matarial 
Armored Combat Earthmover, М9 15: 204. 
Scop Loader 12E 156 
Tractor, ful: ігаскес, OF ас 60 
Tractor, full trackod, Газ 140 i70 
lrastar, Full-trecked. DFT 165 211 
Jill ту Tracta:, 40410 3G 40 
Small Emplacement Excavator 30 40 
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Appendix B 
BUNKER AND SHELTER ROOF DESIGN 


This appendix is used to design a standard stringer roof that will defeat a contact burst projectile 
when the materials used are not listed in the table, Center-to-Center Spacing for Wood 
Supporting Soil Cover to Defeat Contact Bursts. For example, if a protective position uses steel 
and not wood stringers, then the procedure in this appendix is used for the roof design. The table, 
Center-to-Center Spacing for Wood Supporting Soil Cover to Defeat Contact Bursts, was made 
using the design steps in this procedure. The calculations are lengthy but basically simple. The 
two example problems in this appendix were worked with a hand-held calculator and the 
complete digital display is listed. This listing enables a complete step-by-step following without 
the slight numerical variation caused by rounding. In reality, rounding each result to three 
significant digits will not significantly alter the outcome. The roof is designed as follows. 


STANDARD STRINGER ROOF 


First, hand compute the largest half-buried trinitrotoluene (TNT) charge that the earth-covered 
roof can safely withstand. Then, use the charge equivalency table to find the approximate size of 
the super-quick or contact burst round that this half-buried TNT charge equals. The roof design 
discussed here is for a simple stringer roof of single-ply or laminated sheathing covered with 
earth (figure B-1). After determining the need for a bunker or shelter roof, the following 
questions are addressed: 


• What type of soil will be used for cover (soil parameters)? 

е How deep will the soil cover be? 

e What will the size and orientation of the stringers be and what kind of stringers will be 
used (stringer characteristics)? 

e What will the stringer span and spacing be? 
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Figure В-1 
DESIGN PROCEDURE DATA 
Soil Parameters 


Two soil parameters are needed in the design procedure-unit weight and transmission coefficient. 
Soil unit weight must be determined at the time and place of design. Both the soil (sand, silt, for 
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example) and its water content affect unit weight. Soil unit weight is usually 80 to 140 pounds 
per cubic foot. The transmission coefficient can be taken from table B-1 


Table B-1. Transmission coefficient (C) for different soil types 


Soil Type с 
SP Loose, clean. white mason sand 2850. 700 
GP Loose, làn, pil rum sand BO. 475 
БР Loose, rad, pit run gravally sand 75.320 
ӘР Bagged, рії run sand 130 - 140 
GP Washed gravel, rgundad 120 
ML Loose, sandy з! 125 - 275 
ML Compactad, sandy silt 350 


Stringer Characteristics 


For wood stringers, the data needed in the design procedure are given in table B-2 and B-3. For 
steel stringers, the moment of inertia (I) and section modulus (S) values needed in the procedure 
are given in table B-4. For the modulus of elasticity (E) and maximum dynamic flexural stress 
(FS) values, use E = 29 and FS = 50,000. (Additional structural design data is in FM 5-35.) 


Table B-2. Moment of inertia (1) and section modulus (5) 
for different timber sizes 


Х-Х Axis Y-Y Axia 
Nominal Actual 
Siza [inches] Size (inches) 1 finches 3) 5 (inches 3) | tinchas ^] 5 (inches 2) 
2х4 115 х 37 5 36 3.08 o 93 1.31 
2xB 12 х би 20.80 7.56 1.55 2.06 
2х8 Пах 47.84 13.14 2.04 2.72 
2x12 115 x 1114 177.38 31.64 3.16 4.22 
4х4 dv x35 12.51 715 12.51 #15 
4x4 З хв 48.54 17.65 19.55 11.23 
4x8 gia а 111.15 30.66 25.80 14.80 
626 5i? x би 76,26 area 76,26 27,73 
&x12 61 1115 697.07 121.23 159.44 Бу 58 
8 х 14 EGx1de 1.12767 187.08 187.17 BB. 06 
Яхя Тэх 06 263.57 70.31 353.57 70.31 
12x12 975 x G4 Б78.78 142,90 578,78 Fa 90 
Қоға, Asis arignitatiun is as shown here: 
| 
х -—X 
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Table B-3. Modulus of elasticity (E) and maximum dynamic 


Timber Species E, 105 psi FS, pai 
Cedar 1.10 2,2181 
Douglas fir 1.76 4,000 
White fir 1.21 2,2 LK 
Eastern hemlock 1.21 2 800 
Waster hemleck 1.54 3,200 
Larch 1 78 4.600 
Southern pine 1.76 B, GOK 
Ponderosa pene 1.10 1,800 
Redwood 1.32 3,400 
Spruce 1.12 2.900 
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Table B-4. Moment of inertia (1) and section modulus (5) for 
different steel wide flange members 


А-А АХ YY Axis 
Nominal 
5128, in. і (inches 4) 5 inches 5 Hinches 4) $ (inches "| 

36 x 16! 14. 358.4 835.5 Boa 105.7 
36х12 80121 562.8 250.8 41.8 
ЭЗ x 11% 6,695.0 404.8 201.4 35.0 
30 х 15 7,391.5 528,2 550.1 73.4 
30 a 1044 4,461.0 2109.2 135.1 25.8 
27x10 3.265.7 2428 115.1 22.0 
24x12 2.987.3 248.9 203.5 33.3 
24 х б 2096.4 175.4 76.5 17.0 
2] x Bii 1.32Б.Н 176.4 53.1 12.9 
18 х 7 800.5 83.) 372 9.4 
1Вх7 448.3 86.3 221 5.3 
14 x 632 2826 41 17.5 5,2 
12 x 12 1424 #8.0 174.6 29,1 
12x65 204.1 34.1 16.5 51 
10х10 ATIS 24 B 93.0 18.5 
10 x 544 106.3 21.5 9,7 3.4 
Bua #29, > 27,4 37.U 9.2 
Bx Ble 825 20.8 18.2 Б.Б 
Бок 44 56.4. 14.1 8.7 26 
6 x û 53.5 16.8 17.1 Б.В 
4x4 11.3 5.45 3.78 1.55 
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STANDARD STRINGER ROOF PROCEDURE 
(Contact Burst Rounds) 


Line 

1 Enter the unit weight of the soil (Ib/cf) as determined on site 
2 Enter the proposed depth of soil cover (ft) 

3 Enter the S value (in 3): 


Line 


10 
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if wood, from Table B-2 

if steel, from Table В-4 

Enter the stringer spacing (in) 

Enter the FS value (psi): 

if wood, from Table B-3 

if steel, enter 50,000 

Enter the stringer span length (ft) 
Multiply line 1 by line 4, enter result 
Multiply line 7 by line 2, enter result 
Multiply line 8 by line 6, enter result 
Multiply line 9A by line 6, enter result 
Divide line 9B by 8, enter result 
Divide line 9C by line 3, enter result 
Divide line 9D by line 5, enter result 


If the line 9E result is greater than O but less than 1.0 go to line 
10. 


If line 9E is greater than 1.0, the roof system is overloaded. Then 
do at least one of the following and recompute from line 1: 


a. Decrease stringer spacing. 

b. Decrease span length. 

c. Use a material with a higher "S" or "FS" value. 
d. Decrease soil cover. 


Enter side A of Figure B-2 with the line 9E value, find the side 
B 


value, and enter result: 
if wood, use „= 1 curve 
if steel, use „= 10 curve 
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Figure Б-2 


Enter the E value (109 psi): 

if wood, from Table B-3 

if steel, enter 29 

Enter the I value (in^ ): 

if wood, from Table B-2 

if steel, from Table В-4 

Multiply line 9A by 0.08333, enter result 
Multiply line 12B by 0.64, enter result 1 
Divide line 12C by line 9E, enter result 
Multiply line 9A by 0.0001078, enter result 
Multiply line 12A by line 11, enter result 
Multiply line 6 by line 6, enter result 
Multiply line 14B by line 6, enter result 
Divide line 14A by line 14C, enter result 
Multiply line 14D by 28,472.22, enter result 
Divide line 14E by line 13, enter result 
Take the square root of line 15, enter result 
Divide line 12D by line 16, enter result 
Multiply line 10 by line 17, enter result 
Divide line 2 by line 6, enter result 
Multiply line 19 by line 19, enter result 
Take the square root of line 19, enter result 


үшн. STATUES 
E 


"UR Me e. H - CR 

4 Ce, Cham = АС VETT - 

--9 TAHTE PLT za түш, en 
^ . 


21B 
22 

23A 
23B 
24 

25A 
25B 
25C 
26 

27 

28A 
28B 
28C 
28D 
28E 
28F 


29 
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Multiply line 21A by line 20, enter result 
Divide 0.6666667 by line 21B, enter result 
Multiply line 20 by 4, enter result 

Add 1 to line 23A, enter result 

Divide 4 by line 23B, enter result 

Take the square root of line 24, enter result 
Take the square root of line 25A, enter result 
Multiply line 25B by line 24, enter result 
Add line 25C to line 22, enter result 

Choose a C value from Table B-1, enter result 
Multiply 61.32 by line 18, enter result 

Take the square root of line 14C, enter result 
Multiply line 28A by line 28B, enter result 
Multiply line 27 by line 4, enter result 
Multiply line 28D by line 26, enter result 
Divide line 28C by line 28E, enter result 


Raise line 28F to the 0.8571 power (or use the graph in Figure 
B-3), enter result 


Figure 8-3 


Solution 


The value on line 29 is the largest half-buried TNT Charge (1b) that the roof can withstand. Enter 
Table B-5 with this value to find the round having an equivalent charge weight equal to or less 
than the value on line 26. 
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Table B-5. Charze Equivaleney Table 


Round Half-Eured TNT 
Nemenclatare Charge Weight (pounds) 
US Gun and IIwitzer Cannons 

T5-mm gun cannon 15 
710010. gun cannon zn 
DÜ-mm gun cannon 52 
`20-г\ш gun cannon 10.5 
“Тӛ-гіп gun cannon 422 
:015-г11й howitzer записи FT 
Anm howitzer салст 15.34 

Валей aowilzer сапгоп 31. 

US Mortars 
&1-mm 2.9 
à 2-inch 8.1 
Soviet 

27-mm frag 0.5 
57 тата Бағ-Т Md 
76-й EE 18 
Tü-min frag 1.1 
82 -тта frag 1.0 
85-mm Баг LT 
0-ші HE 4.8 
:07-таш Їсад-НЕ 24 
"20-mm НЕ 5.3 
.22-nm HE 10.7 
130 mim Над НЕ» 10 3 
140-шта frag- HE &.l 
152-шіп frag-HE 14.3 
[б-п HE 16,3 


People’s Republic of China 


5T-m HF. 0.5 
ó-mm EE** 4.5 
та nm НЕ 1.5 
75-mm HE 2.2 
81-аш HE 1.2 
BZ тата frag 1. 
1134-1010 НЕ 2.8 


+ Content af some rounds 1nknown. 
** Hieh capaci. 


Bound 
Nomenclature 


]o5-mm HE 
107-mm 
120-mitn НЕ. 


И та 
Crechoslovakian 
Crechosko vakian 
Crechosbwakian 
Creshosbwvakian 
Marth E ore ar. 
Polish 
Yugoslavian 
Yuscelavian 
Tugs lay an 
Finnish 

French 

French 

French 

Israeli 

Israeli 

Italian 


Ke атту. 


82. -та та frag 
85-та та frag 
(ои НЕ 
120-1101 HE 
1300 HE 
R7.-mm frag 
122-тата frag 
та mm НЕ 
82-mm НЕ 
120-ииа HE 
15- HE 
1112-1111 НЕР 


120-і HE*** 


122-11 HE 
&1l-mm НЕ 
Emmu HE 
8 1-тата НЕ 


Table B-5. (continued) 


Feople's Republic о] China 
( Continued) 


Others 


На: Buried TNT 
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Charge Weight, Ib 


EXAMPLES USING THE DESIGN PROCEDURE 


WOOD STRINGER ROOF 


Problem 


The 2-76th Infantry is about to relieve another battalion from defensive positions as shown in 
figure B-4. The 1st Platoon of the A/52d Engineers is supporting the 2-76th. As its platoon 
leader, you have been asked to find how much protection such positions give against the contact 


burst of an HE round. 


You first estimate that the 16-inch-deep soil cover (sand) weighs 100 Ib/cf. You then note that 
the roof is made of 4 by 4 stringers, laid side-by-side over a span of 88.75 inches. 
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Line 


кл 


227 


Wood Stringer Koof Procedure 


The sail unit weight (lbi f) is 


The depth of soil cover (tt) is 


Fron Table B-2, the S value (in^) ford x 4s is 


since th 4 x 45 асе laid aide by ade, the stringer spacing (in) is equal 
ta thea actual width ог 2.5 m 


From Гала B-3, te Fa valie (pai) for Southern Pine is 


The stringer span :ength (ftl is 


Linélalne4= 00 x 5.5 = 
Tine Ta апа Ла 340 x] АЗ = 
Line х ine 6 —465.5x 74= 
Line па nx line = 54447574 = 


Line 9B $225,490 78 + 8 = 


100 


18іһ-12іп 


71.32 


1.15 


3.5 


8,000 


ведал + 1Z in 
73.4 


23,490.75 


3,180.25 
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Figure В-4 
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ап 


ЗЕ 


ЗЕ 


19 


line AC : ле 323.186.358: 7.152 145.64 
Line 3D: line 5 =445 64 : 6.000 = 00743 B 


Line ЗЕ value G.O743 s greater thai Џ and less than 1.0, therefore 
proceed 10 line 10. 


From Figure 6-2 aging they = ^ curve, the lina 10 ма! је 5 {660 


example in Figure Е-Ы 09.93 

From Table 9-3, the E value {15° рый їл Souther: Paris is _ 178 

Егінші Table B-2, the I valug [iri for 3 x 45 is 12.51 

Line За x UDOBJA = 3443 / x 14108545 – ES 
lina 12H wird = 287025 зб Êd - 153.21 = 
Line 120- Ime ЗЕ - 183,71: 0,2743 = 24728 

Line ЭА x O.QDOT107B = 3.404,7 x 00001079 = 0.371 

Line 124 x line 11- 12.51 1.76 - 22.0176 
Line Вх lira В - 74х74= Е 54.76 

Line 14Вх lire 5 =54.76 x 7.4 = __ 406.28 

Line 14.4: lire 136 - 22.0178 + 405.22 - 005423 
Line 140 x 25,471.22-0,05433 м 28,472,232 = 1,537.02 
Line 4E: ling 13- 1,547.02 : 0.37" - 4169.87 __ 
The square rual of ine 15 7, 169.87 - 844? 

Lino 12D : пе 16- 2472.8 + E4.57- ___ 3829 _ 
ме ТФА па 17 38.28 20.935 350" 
-ing2 + line б= 1.33: 7.4 - OG. 1737 

та ЛУ xlina 12 -D.1 ИИ Ла = Uds 
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21A “he square rant af lira 195 [011797 = | 94238 
21H Lina 21А x line AÛ = 0.4239 x 0032: - 90137 
32 0.66565Б:-Їїлэ21Б-10666566740(1137- 43 68 
23А Line 20 ке = 0,9923: 4 = 0'292 
236 1 + бле 23А = 1 + 0.1292 = 1.' 292 
ad 42 lire 238 = 4: 1.1232 = 3.5423 


JRA The square rnnt af hire 24 [2.5421 = 1.8821 


3BD The square root af lire 254 = | .BBE1 - й 1.2716 


86 Ling Јов x ипо Z4 = 1.3719 х 3.6423 = | 988 __ 
16 Line 260 - line 22 = 4.88 - 485.659 = ___ Баз  —— 
27 From Table В-1, the © value chesen “or begged pit run said s |. M9 
ABA, 21,3: xline 178 - 61 32 x $5.61 = 8,183.81 
188 The square root af lire 146 - ов 22 = 2513 ___ 
2BC Lind 28A я lina 288 - 2,183.61 x 20.155 43.555 97 
ign Lina 27 а Ina A 140 s а 7 aun 
1БЕ Ling 280 s ling 26 = 490 x 63.56 - 20.2056 0 
IBF Lina 280: Line 2BE = 43.855,27 + 25,2385 = Т.В fh 
29 Entar Поште B-3 with the Ime 28Р маше (1.68) ат aad (Ре TNT 

charga weigh Ы [etc exomak: іп Figur: Н 2, 1.56 _ 


Dr. as an elternate ethyl, raise 1.ЕН bo che 0 857] power. 


Solution 


Thus, the largest ТМТ charge that the roof can withstand is 1.56 pounds. Entering Table B-5 with 
this value, you find that the roof will withstand a contact burst explosion of up to an 82-mm frag 
round (only 1.0-pound charge size) excluding the 76-mm HE round (1.8-pound charge site). 


STEEL STRINGER ROOF 
Problem 


The 2-76th Infantry will occupy the positions described in the first example for an extended 
period of time. Thus, the battalion commander has ordered the 1st Platoon of the A/52d 
Engineers to construct a tactical operations center. This structure must have at least 10 by 12 feet 
of floor space and be capable of defeating a contact burst of a Soviet 152-mm round. The S2 of 
the A/52d Engineers reports that 13 undamaged 8-inch by 6 %-inch wide flange beams have been 
found. They are long enough to span 10 feet and can be salvaged from the remains of a nearby 
demolished railroad bridge. 
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As platoon leader, you are to design a roof for the tactical operations center using these beams as 
stringers. You plan to place five of the stringers on 36-inch centers and cover them with a 4 by 4 
wood deck. You use the same bagged sand as described in the first example. You begin your 
design by assuming that the soil cover will be 3 feet deep. 


Steel Stringer Roof Procedure 


Line 

1 Taa soil unit waight dict) rs 150 

2 Tae assumed depth ef soil cover {ЇЙЇР is 3 

3 From Table В 4, the 5 маше Jim? ‘or the 8 x BY: steel is 20.8 

4 The вгіпдег spacing [in| 55 BENZ 
5 For steel scringers, :ha FS value (psi) і 50.000 

8 The stringer span length (ЕЈ is 10 

Y Lina 1 x lire 4 = 100 x 3B = 3,800 

в Lina 7 x lira 2- 3,850 x3 - 10,800 " 
ЗА Line Вх lire 6 - 10,300 к 10 = 192.000 
2B Line ЗА x line ё = 108,000 x 10 = 1,080,500 

$C Line 9B : 8- 1,980,900 - 8 = 1 35.000 


Lina 


Line $C + ine 3= 135.600: 20.8 = 


Line 8D : lina 5 = § 49C 3B : 59.000 - 


Line ЗЕ value 0.1 298 is greater than 2 and less than 1.0, therefora 


proceed tg lime 10. 


From Figure В-2 using ihe u - MC curve, the lire 10 value is [see 


example ın Figure B 1] 


Рог steel etrinzarg, tre E value {10° psi] is 
Fram Table B-4, rhe | wal ue fin?) for tie S x бїї inch steel is 


Line ЗА x 6.003535 = 103,000 х 0.00333 = 


Ling 28 0.6140 ~ 6.999.64 қ 0.54 – 


Line 12C + line 9E = 5.759.797: 01298 = 


Line ЗА x 3.0021078 = 108,000 x 0,0001078 - 


Line 124 x line 11 = 825 x 20 = 


Line f x line 6- 10% 10- 


Ling 148 xl. ле В= t0 « 10- 


Line 14А > пин 147 = 27,382 5: 1'000= 


шпа 1541 х 28,45 /2 22-7 2.423 x РПЛ = 


Line ЇДЕ : line 13 - 68, 04H. H1 


The square root of line 15 =, 5,848.1 р = 


Lina 12D = ling 16 = 34,374.12 : 76.486 = 


11.84 = 


Line 10 x пе 17 = 4.05 x БЕЈ 38 = 


Line 2: игре ё 5:10 7 


Ling t3 x ine 19 - 23 7 0,3 – 


The square root of line TA? (5 7 
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5,493. 38 


01298 __ 


4.05 
29 


02.5 


4,555 G4 


бубе 77 
44837419. 
11.64 
. 21925 
1% 
1,000 
2 39 
ЖЕБЕСІ 


5,646.10 


0.3 
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ОР Linie 21А x ling 20-6 5477 x (08 = __ 0.0483 _ 
44 O.6636667: line A В -0.688888:.00404- | 18.52 O 
23A Lina 20 x 4 = ЏО x4 = | 0.36 

236 1 - lina 2234 = 1 + 0.36 = 1.36 

24 4: пе 238=4 + 138 = 2 84 

22 The square root of line 24 {2-84 = 1.71 

256 The square ront aflinn 224 ~" = ат OOOO 
250 Lins 256 xlinm 24 = 1.01 s 2 34 - "m ddo 

26 Line 256 + lina 227 3.85 + 13.52- 17.37 

27 From Table B 1, the C value слазеп for сте bacged pn run sand is 140 

28А 6132 кит: 18 – 61.32 4 2.35059 = 134,130.21 
2BB The square oot uf ine 147 EI = 31.63 
230 Lina 284 x line 288 = 144,150.21 x 31.502 7 4.557 397 24 
2519 Line 2/ x lira 4 = 140 х 36 = Bos 

23E Luiu 260 x lina 26 = BAN x 17,27 = "87,594 BO 
тар Line 280: Ling 2ВЕ = 4,527, 387.24; 85,544. 8) = . . 54.08 

29 Entour Figura B-J ath ihe line 2ЕҒ value (2.06) and rzad ihe ТАТ 


vhiurge aight ПЫ iae example in Figura 8-21 25,8 


Ur. as an alternate method. газе SZ. 081p а 0.357 1 power. 


Solution 


Thus, the largest TNT charge that the stringers can withstand is 29.6 Їр. You next use the 
procedure again in a manner similar to that in example 1 to evaluate the 4x4 wood deck. You 
find a line 29 value of 29.64. Enter Table B-5 with the largest of these values (29.6), you find 
that the roof will withstand a contact burst explosion of up to a 160-mm HE round (only 16.3- 
pound charge size). Thus, the roof you have designed will be capable of defeating a contact burst 
of a Soviet 152-mm round. 


APPENDIX C 
POSITION DESIGN DETAILS 


PRONE POSITION ІНА5ТҮ). 1 
ONE-SOLDIER POSITION (DELIBERATE) .. 
TWD-SOLDIER FOSITION (DELIBERATE}).. 


COVER (DELIBERATE) ......... .................. 
DISMOUNTED TOW POSITION . 
MACHINE GUN *"OSITIOM , 


МОНТАЯ POSITION (21MM АМО 4. 2. IN MORTARS}. а 


WoOCD-FRAME FIGHTING POSITION . 


FABRIC- COVERED FRAME POSITION . mE 
CORAUGATED METAL FIGHTING BUNKER ................ 


PL¥YWOGD PERIMETER BUNKER , 
CONCHETE LOG BUNKER . 


PRECAST CONCRETE SLAB BUNKER ны: MURS 


CONCHETE ARCH BUNKER . 
COVERED DEEP- CUT POSITION 


ARTILLER'Y FIRING PLATFORM (125 ММ, 175MM. AND | 


B-IN ARTILLERY} . 


PARAPET POSITION FOR ADA CR PERSE ж 


TWO-SOLDIER SLEEPING SHELTER ........ 
METAL CHLYERT SHELTEA........... 
AIRTRANEPORTABLE ASSAULT SHELTER. 


TIMBER POST Н.ИНЇЕП SHELTER ......................... 
MODULAR TIMBER FRAME SHELTER ............... ..-.-С 
TIMBER FHAME BURIED SHELTER .................. ...... 


ABRDWEGHIOLIND CAVITY wal! 5НЕЇТЕН 


STEEL FRAME /"FABRIC-COVEHED SHELTER ........ ..... 
HARDENED FRAME FABRIC SHELTER.....-........... 
RECTANGULAR FABHIC/FRAME SHELTER, ............ 
CONCRETE ARCH ӚНЕПТЕН......................... ..... 
METAL PIPE ARCH SHELTER .............................. 


STEEL LANDING МАТ ҰУАШ................. 
EARTH WALLS. 

ЗОН- СЕМЕ Ма WALL. ; 

EARTH WALL WITH REVETM ENT . 


БОШ BIN WALL WITH LOG REVETMENT. a бае перай 
SOIL BIN WALL WITH TIMBER НЕУЕТМЕМТ................ 
SOIL BIN WALL WITH PLYWOOD REVETMENT ............. 


HARDENED SOIL BIN WALL WITH 
PLYWOOD REVETMENT . | 

PLYWOOD (OR CORRUGATED METAL 
PORTABLE WALL. | 

PORTABLE PRECAST CONCRETE WALL _ 

CAST-IN-PLAGE CONCRETE WALL ..-.....----., 

PORTABLE ASPHALT ARMOR PANELS ...... 

STANDARD FIGHTING TRENCH ................. 


VEHICLE FIGHTING POSITIONS (DELIGERATE)...... .. 


oo гс: 
:. .- С-3 
pides data ceca 
ONE- QR TWO-SOLDIER POSITION WITH OVERHEAD 
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PRONE POSITION (HASTY) 


_ 665 DA LESS 
~, 


C-2 
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ONE-SOLDIER POSITION (DELIBERAT E) 


"ARAPET ПН 
назына COVER —__ 


2 EEUN CLES 
O OPTIONS АНЕ 
ОЁ anis sif 


СЛЕМ AOE ЧОМЕ 

ПЧ PAT RE LPI Pf, li 
ТИП. wiurH AD 
пете AT 30° AML- 
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Н! 430 ONY НИНА 1001 SNIESNZULNI 
SONS Lv АЙЕ awa ~ 


SNS HLDS ПІ Ha) HAD ) 
WOH 534015 НОСА ae 


Начо матну 


НААП ТҰЧПІУЫ 
HO 134v ћа ~“ 


(31v uand) NOLISOd H3ICTOS-DAAL 
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ONE- OR TWO-SOLDIER POSITION WITH OVERHEAD COVER [DELIBERA TE) 


FRONT SUPPORT REAR SUPPORT 


[ha fe. 1 залрггїй are inh ЄлборГ $F man ran 
веза, hom Белла іле мене trent ave 7 
5 coric 1 


MEL 
шын А а = 
p 1 _. 


CONSTRUCTING BOGE 


"hir cau] s Meca ot 1065 4" RU ir d amate 
пізгесі s бй DY 3126 ага сле умор lz. 


4 E 
A wnTer-riceelizrit Byer. 
minh a; weterorce' 

рж г титана. ilast 
ғүлғаһғагп ог a ргис, 
wrher laid ave- ths Ија. 


CAMOUFLAGE OVERHEAD COVER 


Tig? 
Л) КИ 
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Appendix D 
CAMOUFLAGE 


DETECTION 


Modern sensing devices detect objects or terrain disturbances 
even though they are well camouflaged. These devices detect 
reflected short-wave and radiated long-wave infrared (ir) 
energy. Special video devices "read" ir energy and detect dead 
or dying vegetation as well as objects painted similar to their 
surroundings. As a counter, special camouflage paint having a 
short-wave infrared response much like natural vegetation is 
available. The long-wave or thermal infrared energy radiated by 
a surface depends on the surface temperature. Hot surfaces 
radiate much more energy than cool surfaces; thus, hot surfaces 
are normally easier to detect with thermal infrared or heat- 
sensitive devices. Certain precautions are taken against 
detection by these devices. 


e Hot objects such as generators, stoves, or other heat- 
generating items are not openly exposed. 

e Artificial surfaces are shaded or insulated to reduce solar 
heating. 

e Distinctive shapes or patterns which readily identify the 
type of feature or facility are obscured. 


If natural material is used for camouflage, there are two major 
considerations. First, gathering natural material nearby creates 
voids, changes the appearance of the natural surroundings, and 
reduces the effectiveness of the camouflage. Therefore, limbs 
are cut from several trees, not just one. Also, limbs are cut as 
close to the trunk or main branch as possible. A tree should 
still appear "natural" after branches are cut. Secondly, while 
natural material aids both visual and infrared camouflage 
initially, it loses effectiveness as it dries out. Thus, when 
vegetation is cut for camouflage use, it is watered and/or 
replaced as it withers. The replaced camouflage is disposed of 
so that it does not draw attention to the concealed area. Excess 
soil from constructed positions, waste materials, and any worn 
or damaged camouflage are moved to another area and made to look 
like natural terrain. These materials are also used for 
constructing a poorly camouflaged dummy position. 


Regardless of the materials used to camouflage a bivouac site, 
both visual and infrared capabilities are considered. For 
example, a field fortification constructed of galvanized steel 
is set in a grassy area. During midday, the steel appears 
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unnaturally bright to both visible and thermal infrared sensing 
devices. In the visible range, it reflects more light than the 
grass and differs in color. In the short-wave infrared range, it 
appears darker than the surrounding vegetation. In the thermal 
infrared range, it is much hotter than sod or vegetation. 
Sodding the roof camouflages the position for all three types of 


always possible, artificial materials are used. Paint or nets, 
such as those used on vehicles, may help. Paint protects against 
detection by visible and short-wave infrared devices, but 
shading by nets reduces the thermal infrared signature and thus 
the detectability of the site to heat-sensitive devices. 


Natural Materials 


Natural materials are used for the three methods of concealment- 
hiding, blending, and disguising. Indigenous materials provide 
the best concealment, are economical, and reduce logistic 
requirements. For camouflaging, natural materials are divided 
into four groups: growing vegetation (cut and planted), cut and 
dead vegetation, inert substances of the earth, and debris. 


Cut vegetation is used for temporary concealment, completing or 
supplementing natural cover, and augmenting artificial cover. It 
is also excellent for overhead screening if cuttings are 
carefully placed to appear as in the natural state. Cut foliage 
wilts and is therefore replaced frequently (every 3 to 5 hours). 
In addition, cutting large amounts reveals the site. Inert 
substances such as cut grass, hay, straw, or dead branches 
require very little maintenance. However, because of their dry 
nature, these items are a potential fire hazard and lose their 
ability to provide infrared detection protection. Inert 
materials are ideal when vegetation is dormant. 


Other substances such as soil, sand, and gravel are used to 
change or add color, provide coarse texture, simulate cleared 
areas, or create shapes. Debris such as boxes, tin cans, old 
bottles and junkyard items are also used for camouflage in some 
cases. In winter, snow is used, but some differences are 
expected between undisturbed and reworked snow, especially with 
infrared detection devices. 


Man-Made Materials 


Man-made materials fall into three categories: hiding and 
screening, garnishing and texturing, and coloring. 
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Hiding and screening materials include prefabricated nets, net 
sets, wire netting, snow fencing, truck tarpaulins, smoke, and 
so forth. Generally, these materials are most effective when 
used to blend with natural overhead or lateral cover. 


Garnishing and texturing materials are used to add the desired 
texture to such items as nets and screens. Examples of such 
materials are gravel, cinders, sawdust, fabric strips, feathers, 
wood shoring, and Spanish moss. 


Coloring with standard camouflage paint, available in ten colors 
in addition to black and white, allows selecting a color scheme 
which blends with any natural surrounding. Normally, standard 
camouflage paint has a dull finish, is nonfading, possesses a 
certain degree of infrared reflectivity, covers in one coat, and 
lasts approximately 9 months. If this paint is not available, 
other materials such as crankcase oil, grease, or field- 
expedient paint can be used as a stopgap measure. 


FIELD SITE DEVELOPMENT 


The four stages in the development of a field site are planning, 
occupation, maintenance, and evacuation. Since units often move 
without an opportunity to plan, the first stage is sometimes 
eliminated. In that case, the five points listed in the 
following paragraph are satisfied after arrival to the area. 


Planning 


Because of the frequent halts characteristic of modern mobile 
warfare, planning is difficult. Since there is seldom time or 
facilities available for elaborate construction, sites are 
quickly entered and evacuated. However, no matter how swift the 
operation or how limited the time and facilities, the unit 
commander plans for concealment. The general area of the halt is 
determined by the tactical plan. Prior to entering the area, the 
quartering party becomes familiar with the terrain pattern 
through a careful study of maps and aerial photographs. The 
party is also fully acquainted with the tactical plan and the 
camouflage requirements. The five critical points for the party 
are: 


e Unit mission. 

• Access routes. 

e Existing concealment. 

e Area size. 

e Concealment of all-around position defense. 
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Camouflage begins before the unit moves in to occupy the site. 

Vehicles are carefully controlled in their movements so telltale 

tracks do not lead directly to a camouflaged position. All 

traffic moves on existing roads or trails or follows tree lines. 
Occupation 


Occupation is achieved with a carefully controlled traffic plan 
which is strictly followed. Guides posted at route junctions, 
fully aware of the camouflage plan, enforce camouflage 
discipline. Turn-ins are marked to prevent widening of corners 
by vehicles. Foot troops follow marked paths as closely as 
possible. The position is sited so that it is not silhouetted 
against the sky when viewed from an attacker's ground position. 
It also blends--not contrasts--into the background. 


Maximum use of trees, bushes, and dark areas of the terrain 
reduces the amount of camouflage required and the likelihood of 
air observation. It is equally important that the concealing 
cover not be isolated, since a lone clump of vegetation or a 
solitary structure is a conspicuous hiding place and will draw 
enemy fire whether the enemy "sees" anything or not. The terrain 
should look natural and not be disturbed any more than 
absolutely necessary. This objective is best accomplished by 
removing or camouflaging the spoil. 


Natural terrain lines, such as edges of fields, fences, 
hedgerows, and rural cultivation patterns, are excellent sites 
for positions since they reduce the possibility of aerial 
observation. Regular geometric layouts are avoided. The 
lightweight camouflage screening system (LWCSS) is especially 
important in preventing identification of recognizable military 
outlines. 


Before any excavation is started, all natural materials, such as 
turf, leaves, forest humus, or snow, are removed, placed aside, 
and later used for restoring the natural appearance of the 
terrain. When a position cannot be sited under natural cover, 
camouflaged covers are valuable aids in preventing detection. 
Materials native to the area are preferred; however, when 
natural materials are used over a position, they must be 
replaced before they wilt, change color, and lead to detection. 


Maintenance 
Next to occupation, maintenance is the most critical stage. If 


the occupation was successful from a camouflage standpoint, 
maintenance is relatively simple. Successful maintenance 
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involves frequent inspection of camouflage; active patrol 
measures for discipline; and, where possible, aerial observation 
and photos. When critical unit activities require congestion of 
troops, such as for dining, the traffic plan must be rigidly 
enforced. It is often necessary to use artificial overhead 
cover, such as LWCSS. Garbage disposal pits are concealed, with 
special care given to the spoil. During hours of reduced 
visibility, it is human nature to relax and assume that the 
enemy cannot see during darkness or in fog; however, the 
maintenance of noise and light discipline, as well as 
camouflage, is important at all times. Failure to maintain light 
and noise discipline may make all other methods of camouflage 
ineffective. Even during periods of reduced visibility, an 
exposed light can be seen for several miles. Any unusual noise 
or noise common to military activity may draw attention to its 
source. 


New thermal imagery technology is capable of detecting equipment 
not covered by thermal camouflage nets, regardless of light or 
weather conditions. Generators, heaters, or any other running 
engines create additional thermal signatures which must be 
limited as much as possible. As a result, stricter camouflage 
discipline is required during the hours of reduced visibility, 
since a camouflage-undisciplined unit will become even more 
recognizable. Wire and taped paths will aid personnel in finding 
their way with minimum use of flashlights. 


Evacuation 


Although evacuation is the last operation at the halt site, 
camouflage does not end when the unit prepares to move out. An 
evacuated area can be left in such a state that aerial photos 
reveal the strength and type of unit, its equipment, and even 
its destination. It is an important part of camouflage to leave 
the area looking undisturbed. Trash is carefully disposed of or 
taken with the unit. Spoil is returned to its original location 
to assume a unit is not engaged when it departs. If engaged, it 
may not be possible to return the site to its original 
appearance. 


CAMOUFLAGE OF UNIT POSITIONS 
Command Post 


Since the command post is the nerve center of a military unit, 
it is a highly-sought enemy target. Command posts have 
functional requirements which result in creating easily- 
identifiable signatures such as-- 
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e Converging communication lines, both wire and road. 

e Concentration of vehicles. 

‚ Heavy traffic which causes widened turn-ins. 

e Antennas. 

е New access routes to a position which could house a command 
post. 

e Protective wire and other barriers surrounding the site. 

e Defensive weapon positions around the site. 


Primary camouflage solutions include intelligent use of the 
terrain and backgrounds, and strict enforcement of camouflage 
discipline. 

Site Requirements 


The site requirements of a large command post are primarily 
reconnaissance and layout, quartering parties, rapid concealment 
of elements, camouflage discipline, and a well-policed track 
plan to prevent visitors from violating it. Since a large 
headquarters is likely to remain in an area for a greater length 
of time than a halted maneuver unit, the site must be capable of 
being disclosed by changes in the terrain pattern. It is unwise 
to locate a headquarters in the only large building within an 
extensive area of operations. If the command post is located in 
a building, there must be other buildings in the area to prevent 
the target from being pin pointed. 


Communications 


Communications are the lifeblood of a command post. Command 
posts sited to take advantage of existing roads and telephone 
arid telegraph wires are easiest to conceal. When new 
communication means must be created, natural cover and terrain 
lines are used. The use of remote communications should be 
concealed wherever possible. 


Discipline 


After the site has been selected and camouflaged to supplement 
whatever natural concealment is present, continued concealment 
depends on discipline. Tracks are controlled; vehicles are 
parked several hundred meters from the command post; security 
weapons and positions are concealed and tracks to them made 
inconspicuous; all spoil is concealed, and protective and 
communication wires follow terrain lines and are concealed as 
much as possible. Night blackout discipline is rigidly enforced. 
Routes to visitor parking areas are maintained in accordance 
with the track plan. Power generation equipment is also 
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concealed to protect against noise and infrared signature 
detection. 


In open terrain where natural concealment is afforded only by 
small scrub growth and rocks, overhead camouflage is obtained by 
using the LWCSS. Even in desert terrain, broken ground and scrub 
vegetation form irregular patterns and are blended with 
artificial materials. Digging-in reduces shadow and silhouettes, 
and simplifies draping positions or tents. In open terrain, 
dispersion is particularly important. Routes between elements 
are concealed or made by indirect in straight lines. 


CAMOUFLAGE OF CIVILIAN STRUCTURES 


A headquarters within an existing civilian structure presents 
the problem of hiding day movement and concealing the evidence 
of night activity when blackout conditions prevail. Military 
movement in a village or a group of farm buildings is less 
discoverable if kept to a minimum. Attempts to alter the 
appearance of buildings by disruptive painting is evidence of 
occupation and simply reveals a military presence. Erection of a 
small structure simulating a new garage or other auxiliary 
civilian building is unlikely to arouse suspicion. Any major 
changes, however, especially if the enemy is familiar with the 
area, will be closely scanned by enemy air observers. When 
buildings are partially destroyed and left debris-littered, 
installations are camouflaged with debris to blend with the 
rough and jagged lines of the surroundings. A few broken 
timbers, pieces of broken plaster, and a few scattered rags 
accomplish quick and effective concealment. Other debris usually 
available includes rubble, scrap metal, wrecked vehicles, and 
furniture. 


CAMOUFLAGE OF SUPPLY POINTS 


Camouflage of a supply point includes all the difficulties of 
both maneuver unit and command post concealment, plus a number 
of particularly troublesome factors peculiar to supply points 
alone. Supply points vary in size from large concentrations of 
materials in rear areas, to small piles of supplies in the 
forward areas. Large amounts of equipment are quickly brought 
up, unloaded, and concealed, yet are easily accessible for 
redistribution. Flattops are used effectively providing the 
supply points are not too large, time and materials are 
available, and they blend with the terrain. For supply points 
which cannot be concealed, decoy points will often disperse the 
force of an enemy attack. 
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Natural concealment and cover are used whenever possible. Stacks 
of supplies are dispersed to minimize damage from a single 
attack. New access roads are planned using existing overhead 
cover. In more permanent installations, tracks running through 
short open areas are concealed by overhead nets slung between 
trees. Traffic control includes measures to conceal activity and 
movement at, to, and from the installation. Even when natural 
cover is sparse or nonexistent, natural terrain features are 
advantageously used. 


In cultivated fields, supplies are laid out along cultivation 
lines and textured with strip-garnished twine nets to resemble 
standing stubble. In plowed fields, supplies are stacked 
parallel to the furrows and covered with earth-colored burlap 
for effective concealment. Access routes are made along the 
furrow, and no unnatural lines appear on the pattern. 


Camouflage discipline measures at supply points include track 
plans that result in minimal changes to terrain appearance, 
debris control to prevent accumulation and enemy detection, 
concealment and control of trucks waiting to draw supplies, and 
camouflage maintenance. 


CAMOUFLAGE OF WATER POINTS 


Effective concealment of water points and other support 
activities require 


е An adequately concealed road net. 

e Sufficient concealment to hide waiting vehicles. 

e Adequate concealment-artificial or natural for operating 
personnel, storage tanks, and pumping and purification 
equipment. 

e Strict enforcement of camouflage discipline. 

e Control of spilled water and adequate drainage to prevent 
standing pools of water which reflect light. 


Foliage not sufficiently thick for perfect concealment is 
supplemented by natural materials or LWCSS. Concealment is 
required for water point equipment, the shine of water in the 
tanks, and any small open areas that are crossed by vehicles or 
personnel. Shine on water is concealed by a canvas cover or 
foliage. The characteristic shape of tanks is distorted by 
foliage or artificial materials. Camouflage discipline at a 
water point requires a water supply schedule for using units. 
Lack of a schedule, or violation of it, usually causes a jam of 
waiting vehicles which cannot be concealed. 
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CAMOUFLAGE OF CREW-SERVED 
AND INDIVIDUAL FIGHTING POSITIONS 


If positions are expertly camouflaged and maintained, the enemy 
will have great difficulty in locating them until stumbling into 
a kill zone. Natural materials used to camouflage fighting 
positions should be indigenous to the area. As an example, 
willow branches from the edge of a stream will not appear 
natural in a grove of oaks. Since spoil may differ in color from 
the ground surface, it may be necessary to camouflage the soil 
or remove it from the unit area. 


Routes taken by troops to fighting positions are obscured so 
footprints or telephone lines do not reveal the positions. All 
camouflage procedures used for any field location, both visual 
and thermal, are successfully applied and maintained. 


CAMOUFLAGE OF OTHER DEFENSIVE POSITIONS 


Other positions are camouflaged the same way as positions 
located in the defensive area. Positions include those for major 
weapons, special design shelters, protective walls (in some 
cases, obstacles), and trenches. 


CAMOUFLAGE IN SPECIAL TERRAIN 


Special terrain conditions, such as deserts, snow regions, and 
urban areas require special camouflage measures. 


Deserts 


Areas where there is no large convenient overhead cover are 
unplowed fields, rocky areas, grasslands, and other wide-open 
spaces. In certain types of flat terrain, shadow patterns and 
judicious use of drape nets render objects inconspicuous. Units 
in deserts or other featureless terrains are highly vulnerable 
to breaches of light or sound discipline during day or night. 
The eye's capability to reasonably discern stationary objects is 
greatly reduced by this type of terrain. Dust trails from moving 
vehicles identify a military position faster than open, 
stationary, noncamouflaged vehicles. Luminosity at night in open 
plain areas significantly degrades depth perception and, 
dependent upon surface texture, makes visual observation useless 
at long ranges and significantly enhances sound detection 
methods. 
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A desert version of the LWCSS provides concealment against 
visual, near infrared, and radar target acquisition/surveillance 
sensor devices. A radar transparent version of the LWCSS allows 
US units to camouflage radar without degrading operations. The 
desert camouflage net is a complete cover since it depends on 
ground surface imitation, both in color and texture, for effect. 


Snow Regions 


A blanket of snow often eliminates much of the ground pattern 
and makes blending difficult. Differences in texture and color 
disappear or become less marked. Snow-covered terrain, however, 
is rarely completely white. By taking advantage of dark features 
in the lines, stream-beds, evergreen trees, bushes, shadows of 
snowdrifts, folds in the ground, and the black shadows of 
hillsides a unit on the move or halted successfully blends 
itself into the terrain. However, exhaust, ice fog, and infrared 
signatures are difficult to overcome regardless of how well the 
unit is hidden. 


Good route selection in snow-covered terrain is usually more 
important than any other camouflage measure. Because of the 
exposed tracks, skis and snowshoes are not used near the area 
since their marks are more sharply defined than foot tracks, and 
may be discovered with infrared imagery. 
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To avoid tracking up the area, personnel, vehicles, 
and material are restricted from open areas. Well 
concealed positions in snow terrain are easily 
identified when the snow melts, unless precautions 
are taken. Light discipline is enforced to prevent 
disclosure of the position. Compacted snow on 
well-traveled paths melts slower than the 
uncompacted snow, and leaves visible white lines 
on a dark background. The snow is then broken up 
and spread out to hasten melting. 


By following communication lines 
or other lines which are a natural 
part of the terrain, tracks are 
minimized. Tracks coinciding with 
such lines are harder to identify. 
A turn-in is concealed and the 
tracks themselves continued beyond 
the point. Windswept drift lines 
cast shadows and are followed as 
much as possible. Straight tracks 
to an important installation are 
avoided. Snow region camouflage 
nets and paints assist in 
camouflage operations. 


Urban Areas 


Because vegetation is scarce in 
urban areas, maximum use is made 
of the shadows available. Outside 
buildings, vehicles and defensive 
positions use the shadows to 
obscure their presence. Troops 
inside buildings observe from the 
shadow side of a window in order 
to be inconspicuous. Combat in the 
urban environment usually produces 
considerable rubble from damaged 
buildings and roads. This material 
is used for obstacles as well as 
camouflage for defensive 
positions. These positions are 
blended into the terrain and 
placed behind rubble as it would 
naturally fall from a building. 
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In urban areas, the prime concerns for individual 

fighting positions are exposure and muzzle flash. 
When firing from behind a wall, the soldier fires 

around cover (when possible), not over it. When 

firing from a window, the soldier avoids standing 
in the opening and being exposed to return fire. 


Also, the soldier avoids firing 
with the gun muzzle protruding, 
especially at night when muzzle 
flash is so obvious. when firing 
from a loophole, the soldier gains 
cover and concealment. The soldier 
is positioned well back from the 
loophole to keep the weapon from 
protruding and to conceal muzzle 
flash. When firing from the peak 
of a roof, soldiers use available 
cover. 


The principles for individual 
fighting positions also apply for 
crew-served weapons positions, but 
with the following added 
requirements. When employing 
recoilless weapons (90-mm RCLR and 
LAW), the soldiers select 
positions which allow for 
backblast. Shown is a building 
corner improved with sandbags to 
make an excellent firing position. 
Similarly, another means of 
allowing for backblast while 
taking advantage of cover in an 
elevated position is also shown. 
When structures are elevated, 
positions are prepared to take 
advantage of overhead cover. 
However, care is taken to ensure 
that backblast is not contained 
under the building, causing damage 
or collapse of the structure, or 
possible injury to the crew. When 
machine gun positions are fixed, 
the same consideration as 
individual positions is given to 
exposure and muzzle location. For 
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further information on camouflage 
operations, refer to FM 5-290. 
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ABN 
AMBL 
ACE 

ADA 
AFNORTH 


AFCENT 


AFSOUTH 


EMP 


airborne 

airmobile 

armored combat earthmover 
air defense artillery 


Allied Forces, Northern 
Europe 


Allied Forces, Central 
Europe 


Allied Forces, Southern 
Europe 


ammunition 

armored personnel carrier 
antitank 

antitank guided missile 
battalion 

battalion operations center 
combat engineer vehicle 
combined forces command 


centiGray 
(NATO term for тад") 


consolidated express 
company 
communications 
command post 
corps terrain team 
cubic 


continuous wave acquisition 
radar 


demilitarized zone 
direct support 


division tactical operations 
center 


division terrain team 
each 


electromagnetic pulse 


FAAR 
FARP 


FDC 
FLOT 


frag 


NATO 


forward area alerting radar 


forward arming and 
refueling point 


fire direction center 
forward line of own troops 
field manual 

fragment 

foot, feet 

general support 

high explosive 

high explosive antitank 
horsepower 
headquarters 

infantry fighting vehicle 
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infantry 

infrared 

improved TOW vehicle 
kiloton(s) 

light antitank weapon 
pound(s) 


lightweight camouflage 
screening system 


meter(s) 


mobilit p цааны! - 
survivability 


mechanized 


mission, enemy, terrain and 
weather, time, and troops 


machine gun 
millimeters 
miles per hour 
not applicable 


North Atlantic Treaty 
Organization 
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NBC 
OPCON 
OPORD 
PACOM 
PAR 

plt 

POL 


psi 
rad 


RCLR 
ROK 
ROR 
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nuclear, biological, chemical 
operational control 
operations order 

Pacific Command 

pulse acquisition radar 
platoon 


petroleum, oils, and 
lubricants 


pounds per square inch 


radiation absorbed dose; 
“roentgen” 


recoilless rifle 
Republic of Korea 


range only radar 


о о 


SEE 


SOP 


STANAG 
TM 

TNT 
TOC 
TOW 


TREE 


US 
yd 
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Small Emplacement 
Excavator 


standing operating 
procedure 


standardization agreement 
technical manual 
trinitrotoluene 

tactical operations center 


tube-launched, optically 
tracked, wire guided missile 


transient radiation effects on 
electronics 


United States 
yard(s) 
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Examples of expedient protective positions 
against initial nuclear effects, 3-8 

Excavation repair, 3-39 
Expedient funnel for filling sandbags, 3-27 
Explosives. See also Boreholes 

As method of excavation, 3-26, 3-26 

Cold region use, 5-9, 5-11 
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Extent of backblast in open areas, 5-22 
Fabric-covered frame position, 4-27, C-12 
Facing revetment supported by pickets, 3-37 
Facing revetment supported by timber 
frames, 3-37 
Field Artillery units 
Equipment protection for, 2-5 
Survivability requirements for, 1-9 
Fighting and protective positions 
Categories of, 3-18 
Definition of, 1-6 
In cold regions, 5-5 
In deserts, 5-4 
In jungles, 5-2 
In mountainous areas, 5-4 
In the defense, 2-7 
In the offense, 2-7 
In urban areas, 5-16 
Firing from a loophole, D-8 
Firing from a roof peak, D-8 
Firing from behind a wall, D-8 
Fixed machine gun position, D-9 
Floors. See Structural components 
Framed building characteristics, 5-18 
Frameless building characteristics, 5-17 
G2/S2 responsibilities, 2-10 
03/53 responsibilities, 2-8, 2-10 
(4/54 responsibilities, 2-10 
Gabions, 5-4 
Grenade sump, 4-3 
Grenade trap, 3-19 
Hardened frame/fabric shelter, 4-35, C-41 
Hardened soil bin wall with plywood 
revetment, C-56 
Hasty fighting position for APC, 4-13 
Hawk, 2-5, 4-18 
Hide positions, 4-14 
Hull defilade, 4-14 
Indirect fire weapons 
Description of, 3-3 
Effects of, 3-3 
Survivability considerations for, 3-3 
Threat use of, 1-4 
Individual fighting position in snow, 5-10 
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Individual fighting positions (deliberate) 
Characteristics of, 4-8 
LAW position, 4-7 
One-soldier position, 4-5 
One-soldier position with overhead cover, 4-5 
Two-soldier position, 4-6 
Two-soldier position with overhead cover, 4-7 
Individual fighting positions (hasty) 
Characteristics of, 4-8 
Crater position, 4-3 
In snow, 5-10 
In urban areas, 5-16, 5-21 
Prone position, 4-4 
Skirmisher's trench, 4-4 
Individual fighting positions (special designs) 
Characteristies of, 4-41 
Fabrice-covered frame position, 4-27 
Wood-frame position, 4-26 
Initial Radiation Effects on Personnel, 3-6 
Interoperability, 5-24 
Japan, 5-25 
JD410 Utility Tractor, A-6 
Jungie floating platform as fighting 
position, 5-2 
Jungle rain shelter, 5-2 
Korea, 5-24 
LAW 
Fighting position for, 4-7 
Use in urban buildings, 5-22 
LAW position, 4-7 
Lean-to shelter, 5-14 
Light infantry units, 1-7 
LWCSS, D-3, D-6, D-7 
МІ tank position, 4-15 
МЗА1 landing mats. See Steel landing mats 
M9 ACE, A-2 
M728 CEV, A-3 
M730 Chaparral. See Chaparral (M730) 
Machine gun position, 4-11 
In snow, 5-9 
In urban buildings, 5-22, D-9 
With overhead cover, 4-11 
Machine gun position, 4-11, C-7 
Machine gun position in snow, 5-9 
Machine gun position with overhead 
cover, 4-11 
Maintenance/repair of positions, 3-38 
Major logistics systems and rear areas, 1-8 
Major weapon positions. See Vehicle fighting 
positions, Vehicle protective positions 
Material Thickness, in Inches, Required 
to Protect Against Direct Fire HE Shaped 
Charge, 3-12 
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Material Thickness, in Inches, Required 
to Protect Against Direct Hits by Direct 
Fire Projectiles, 3-11 

Material Thickness, in Inches, Required 
to Protect Against Indirect Fire 
Fragmentation and Blast Exploding 
50 Feet Away, 3-13 

Materials for protection. See Shielding 
materials 

Maximum Span of Dimensioned Wood 
Roof Support for Earth Cover, 3-16 

Maximum Span of Inverted Landing Mats 
(M8A1) for Roof Supports, 3-17 

Maximum Span of Steel Picket Roof 
Supports for Sandbag Layers, 3-17 

Maximum Span of Wood Stringer Roof 
Support for Earth Cover, 3-16 

Mechanized infantry units 

Equipment protection for, 2-5 
Survivability requirements for, 1-8 

МЕТТ-Т, 2-3 

Minimum Floor Sizes for Firing Weapons 
in Enclosed Areas, 5-23 
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Metal pipe arch shelter, 4-36, C-49 
Metal shipping container shelter, 4-31 
Moduiar timber frame shelter, 4-33, C-35 
Mortar position, 4-12, C-8 
Multipurpose positions. See Special design 
positions 
NATO. See Combined operations 
Nuclear weapons 
Description of, 3-4 
Effects of, 3-3 
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Threat use of, 1-5 
Octagonal trace, 4-21 
One-soldier position (deliberate), 4-5, C-3 
One-soldier position with overhead cover 
(deliberate), 4-5, C-5 
OPORD, 2-8 
Overhead cover. See also Roofs; Cover 
In deserts, 5-5 
In snow, 5-8 
In urban areas, 5-22 
To defeat delay fuzes, 3-24 
PACOM, 5-24 
Parapet position for ADA, 4-17, C-28 
Parapet position for self-propelled howitzer 
and ammo carrier, 4-17 
Parapets 
For mutual support, 3-20 
With major weapons systems, 4-13 
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Parapets used for frontal protection relying 
on mutual support, 3-20 
Plywood perimeter bunker, 4-28, C-16 
Plywood portable wall, 4-39, C-58 
Pole revetment, 3-35 
Poncho shelters, 5-3 
Portable asphalt armor panels, 4-41, C-61 
Portable precast concrete wall, 4-40, C-59 
Position with overhead cover, D-9 
Position with overhead cover protection 
against fragments from a 120- mm 
mortar, 3-21 
Precast concrete slab bunker, 4-29, C-19 
Prone position (hasty), 4-4, C-2 
Protective positions 
Against nuclear effects, 3-8 
Definition of, 1-6 
For vehicles, 4-16 
Protective walls 
Cast-in-place concrete wall, 4-40 
Characteristics of, 4-44, 4-45 
Construction of, 4-37 
Earth wall with revetment, 4-37 
Earth walls, 4-37 
Plywood portable wall, 4-39 
Portable asphalt armor panels, 4-41 
Portable precast concrete wall, 4-40 
Soil bin wall with log revetment, 4-38 
Soil bin wall with plywood revetment, 4-39 
Soil bin wall with timber revetment, 4-38 
Soil-cement wall, 4-38 
Steel landing mat wall, 4-39 
Radiation effects (initial) 
On equipment, 3-7 
On personnel, 3-6 
Protective positions against, 3-8 
Radiation effects (residual), 3-4 
Ramps, 3-30, 4-14 
RCLR (90mm) 
Fighting position for, 4-10 
Use in urban buildings, 5-22 
Recoilless rifle (90mm) position, 4-10 
Rectangular fabric/frame shelter, 
4-35, C-44 
Relationship of radiation dose to distance 
from ground zero for a 1-KT weapon, 3-5 
Required Thickness, in Inches, of Protective 
Material to Resist Penetration of Different 
Shells (Delay Fuze), 3-24 
Retaining wall revetment, 3-26 
Revetments 
Avoiding, 3-32 
In deserts, 5-5 


Methods to support facing, 3-32 
Types of facing, 3-32 
Roofs. See also Structural components 
Designing, 3-15, B-1 
For overhead cover, 3-20 
Sandbags 
As construction method, 3-26 
Filling, 3-27 
For repairing trenches, 3-27 
For revetting walls, 3-27 
Scoop Loader, A-4 
Security of positions, 3-39 
SEE, A-7 
Sewer systems, 5-16 
Shelters 
Aboveground cavity wall shelter, 4-34 
Airtransportable assault shelter. 4-32 
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Characteristics of, 4-42, 4-43 
Concrete arch shelter, 4-36 
Construction of, 4-29 
Description of, 3-25 
Hardened frame/fabric shelter, 4-35 
In jungles, 5-2 
In snow, 5-13 
Metal culvert shelter, 4-32 
Metal pipe arch shelter, 4-36 
Metal shipping container shelter, 4-31 
Modular timber frame shelter, 4-33 
Rectangular fabric/frame shelter, 4-35 
Steel frame/fabric-covered shelter, 4-34 
Timber frame buried shelter, 4-33 
Timber post buried shelter, 4-32 
Two-soldier mountain shelter, 5-4 
Two-soldier sleeping shelter, 4-30 
Types of, 4-30 

Shielding materials 
Brick/masonry, 3-12 
Concrete, 3-10 
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Rock, 3-12 
Snow/ice, 3-12 
Soil, 3-10 
Steel/metal, 3-10, 3-14 
Wood, 3-14 
Shielding of МВА1 Landing Mats, 4-40 
Shielding Values of Earth Cover and 
Sandbags for a Hypothetical 2,400-rads 
(cGy) Free-in-Air Dose, 3-13 
Skirmisher's trench (hasty), 4-4 
Snow cave, 5-14 
Snow hole, 5-15 
Snowhouse with snow block walls, 5-15 
Snow pit, 5-15 
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Snow trench with wood revetment, 5-10 
Snow Wall Construction for Protection from 
Grenades, Small Caliber Fire, and HEAT 
Projectiles, 5-12 
Soil bin wall with log revetment, 4-38, C-53 
Soil bin wall with plywood revetment, 
4-39, C-55 
Soil bin wall with timber revetment, 
4-38, C-54 
Soil-cement wall, 4-38,C-52 
Special design positions, 4-41. See also Bunkers; 
Individual fighting positions (special designs); 
Protective walls; Shelters 
Special purpose weapons 
Flamethrowers, 3-9 
Fuel-air munitions, 3-9 
Survivability considerations for 
Special terrain environments 
Camouflage in, D-6 
Cold regions, 5-5 
Deserts, 5-4 
Jungles, 5-2 
Mountainous areas, 5-4 
Urban areas, 5-16 
Staff officers’ responsibilities, 2-10 
Standard fighting trench, 4-21, C-62 
Standard Survivability Estimates for 
Maneuver Units, 2-6 
Standoff. See Triggering screens 
Steel frame/fabric-covered shelter, 
4-34, C-39 
Steel landing mat wall, 4-39, C-51 
Steel landing mats 
As protective walls, 4-39 
As shielding material, 3-10 
For roof supports, 3-17 
Protection characteristics of, 4-40 
Stinger/Redeye, 2-5 
Stone layer added to typical overhead 
cover to defeat the delay fuze burst from 
an 82-mm mortar, 3-24 
Strongpoint positions, 4-25 
Structural components 
Floors, 3-14 
Roofs, 3-15, B-1 
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Survivability considerations 
Chemical agents, 3-9 
Direct fire, 3-2 
Indirect fire, 3-3 
Nuclear weapons, 3-5 
Special purpose weapons, 3-9 
Survivability equipment, А-1 
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Survivability Requirements, 1-11 
Survivability Requirements for Fighting 
Positions in Urban Buildings, 5-21 
Survivability Requirements for Troops 
in Urban Buildings, 5-20 
Tactical radii of effects of 1-K T and 10-КТ 
fission weapons from low airburst, 3-7 
Threat 
Chemical weapons, 1-5 
Deep attack, 1-5 
Direct fire weapons, 1-3 
Indirect fire weapons, 1-4 
Nuclear weapons, 1-5 
Timber frame buried shelter, 4-33, C-36 
Timber post buried shelter, 4-32, C-34 
TOW, dismounted. See Dismounted TOW 
Trenches 
Construction of, 4-20 
Crawl trench, 4-20 
Description of, 3-18 
In snow, 5-10 
Octagonal trace in, 4-21 
Standard fighting trench, 4-21 
Uses of, 4-20 
Zigzag trace in, 5-10 
Triggering Screen Facing Material 
Requirements, 3-23 
Triggering Screen Material Thickness, In 
inches, Required to Defeat Fragmenis at 
a 10-Foot Standoff, 3-23 
Triggering screens 
Defeating delay fuzes, 3-24 
Defeating super-quick fuzes, 3-23 
Description of, 3-22 
Materials for, 3-23 
Tunnels, 3-18 
Turret defilade, 4-14 
Two-soldier position (deliberate), 4-6, C-4 
Two-soldier position with overhead cover 
(deliberate), 4-7, C-5 
Two-soldier sleeping shelter, 4-30, C-29 
Types of Metal Revetment, 3-36 
Typical standoff framing with dimensioned 
wood triggering screen, 3-22 
Typical tunnel system, 3-19 
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Unit positions 
For artillery firebases, 4-23 
For forward logistics, 4-22 
For strongpoints, 4-25 
Unit support systems, 1-10 


Urban Structure Material Thickness, 5-19 
US force involvement. See also Survivability 
considerations 
Against indirect fire, 1-4 
Against nuclear weapons, 1-5 
During enemy attack, 1-3 
In a meeting engagement, 1-4 
In deep attack on rear areas, 1-6 
In retrograde operations or pursuit 
by Threat, 1-4 
On a chemical contaminated battlefield, 1-5 
Vehicle fighting positions (deliberate) 
Characteristics of, 4-14 
Dimensions of, 4-15 
For M1 tank, 4-15 
Parts of, 4-14 
Vehicle fighting positions (deliberate), C-63 
Vehicle fighting positions (hasty) 
Characteristics of, 4-13 
Construction planning factors for, 4-46 
Dimensions of, 4-15 
Vehicle protective positions 
Artillery firing platform, 4-16 
Characteristics of, 4-16 
Covered deep-cut position, 4-19 
Deep-cut position, 4-18 
Parapet position for ADA, 4-17 
Parapet position for self-propelled 
howitzer and ammo carrier, 4-17 
Vehicle protective positions (field artillery) 
Dimensions of, 4-18 
Parapet position for, 4-17 
Vulcan 25 


Wadis, 5-4 

Walls. See Protective walls; Structural 
components 

Wigwam shelters, 5-13 

Wood-frame fighting position, 4-26, C-9 

Zigzag trace, 4-32 
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